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CHAPTER - 1 


INTRODUCTION 

1.1 Prelude 

It is well known that the coordination of a metal ion with only one type of 
ligand leads to the formation of a binary or a simple complex system depending 
upon the coordination number of the metal ion under investigation. However, in 
the case of the coordination of the metal with two different types of ligands, a 
mixed or more specifically a ternary complex^ is formed. 

There are three important routes for the formation of such ternary 
complexes in solution as enumerated below: 

I 

(a) Simultaneous addition: It is observed that if two different ligands of 
comparable coordinating ability are added simultaneously to a solution of a 
metal, both the type of ligands coordinate simultaneously to yield mixed 
complexes with 1 : 1 : 1 , 1 :2; 1 or 1 ; T.2 ratios. Thus, 

M + X + Y ^ MXY 

M + 2X + Y ^ MX 2 Y 

M + X + 2Y ^ MXY 2 

(b) Stepwise formation: In contrast to the first route, stepwise ternary complex 
formation occurs when two ligands of adequately different coordinating ability are 
added to a metal ion solution in order of their increasing complexing ability. 




Thus, 



(c) Combination of two binary complexes: When solutions of two binary 


complexes are added together, there is the possibility of formation of a ternary 


complex in solution 


in all the above equilibria, charges have been ignored for convenience 


In practice, the possibility of formation of a binary, ternary or higher 
complex (quaternary and so on) is determined mainly by considerations such as 
the standard electrode potential of the metal, its size as well as basicity and 
denticity of the ligand selected for the study of phenomenon of complex 
formation. In addition, a number of other influences such as the nature of the 
coordinate bond^ extent and type of chelate formation^ and shape'^ and the 



configuration® of the complex formed also affect the formation of simple and the 
mixed complexes. 

The greater stability of the ternary complexes compared to their binary 
counterparts is influenced by a number of other factors®'® too. The more 
prominent among them are the following; 

(i) Nature of bonding in ligands 

(ii) Ionic strength of the medium 

(iii) pH of the solution 

(iv) Temperature 

(v) dielectric constant of the medium 

The greater stability of ternary complexes vis-a-vis binary complexes has 

f 

been proposed to be explained by a polarized ion model by Marcus et al^°'^®. On 
the basis of this model, it has been possible to determine force constants; 
energy and thermodynamic parameters as well in the ternary complex formation 
equilibria in solution 

There is no denying the fact that in general, the stability constants of 
mixed complexes are greater than the corresponding binary complexes. A 
number of techniques have been utilized to evaluate the stability constants of 
ternary complexes. Thus, electrometric^®' spectrophotometric^®, liquid-liquid 
extraction^® and phase distribution methods^® are most commonly employed for 
the purpose. Magnetic susceptibility measurements, IR, EPR and NMR spectra 
and thermal properties better investigate the other aspects of hetero ligand 
complexes as we shall see later in the chapter. 

3 


1.2 Literature survey 

Ligands with atoms of oxygen, nitrogen and sulphur elements as donor 
atoms attached to them are of great importance because these elements are 
found in all biological systems. Further, of greater importance to us are the 
biologically active neutral bases. 

Chelates i. e. complexes with ligands forming ring structures with metals 
have been found to be of great significance in the diverse fields of analytical 
chemistry^\ medicine^^, biology^^, and industry^'*. 

Before we describe the actual investigations carried out by us, it would be 
worthwhile to review the work that has already been done in the field and the 
methods employed for the purpose by different investigators. Besides, a 
description of methods employted by us would follow in the next chapter. 

A chelate of a suitable metal ion with 8-hydroxyquinoline serves as a 
useful anti-fungal and antibacterial agent^^. Oxime metal chelates have been 
found to be anti microbial agents^®. Chelates with organic ligands containing -N, 
-NH 2 , -OH, -SH and -COOH groups as coordinating ligands are found to 
reduce damage to organs exposed to radiations^^. It has also been observed 
that ligands with nitrogen as the coordinating site exhibits significant Jmicrobiai 
activity. 

Malik, Singh and Tandon^^ have investigated the binary and ternary 
complexes of some aminopolycarboxylic acids. A number of other 
investigators^®’^° employed ligands, which are used as medicine in the normal 
course to form complexes with transition metal ions. Some examples of such 



ligands are penicillin, penicillinamine and dextron. The complexes so formed 
were the basis of a number of clinical trials. 


Metal chelates have made tremendous contribution towards the 
development of analytical chemistry. 

Agarwal"^^ has successfully employed N-hydroxy-N-phenylformalidine to 
quantitatively analyze copper (II) and nickel (11). On similar lines, Patel and 
coworkers"*^ have used 7-nitro-8-quinolinol-5-sulphonic acid as a reagent to 
estimate copper (II) and iron (111) in solution. 

It has been found more useful to classify the metal chelates on the basis 
of number of ligands linked to the central metal ion for the understanding of the 
vast field encompassed by such coordination compounds in various aspects for 
which they have been found useful in analytical chemistry. A brief description of 
each class follows; 


a) Binary chelate complexes : these types of complexes have found 
extensive and widespread use in photometry'*^'"'^ and ion exchange 
methods. 

b) Ternary chelate complexes : these types of complexes have been used in 

49 55 

catalytic and complexometnc titrations . 

c) Quaternary chelate complexes: Among this class of complexes, which are 
mostly of academic interest, are the hetero ligand complexes of transition 
metals and lanthanides 
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d) Bimetal bridge metal complexes: In such complexes a single ligand 
molecule is linked to the two metal atoms of the same or different metals 
in the same/different oxidation state. Such complexes are in general, 



coloured and hence useful in colourometric analysis®^"®®. 

Magnetic measurements, infra red and electronic spectral studies have 
been intensively and extensively applied to elucidate and establish the nature of 
bonding and structure of ternary metal complexes. In fact, we have also used 
this approach in combination with chemical assay to determine the molecular 
formula. 


A survey of literature reveals that studies®®'^^ on neutral ligand complex 
formation have registered a considerable increase over the past few years. Due 
to a variety of coordination shapes assumed by copper (II) complexes, a number 

i 

of investigators^^'®'^ have directed their attention to study the complexes of this 
metal. 


The structure of mixed ligand complexes of some transition metal ions 
and rare earth metals with 4,4'-bipyridyl and 2,9-dimethyl-1 , lO-phenanthroline 
have been elucidated by a number of workers®^'®\ Czakis and Danuta®^ isolated 
the 2,2'-dipyridyl and 4,4'-dipyridyl complexes with halides as the other ligands. 
Their studies were based on the infra red spectral studies of these mixed 
complexes. Ahuja and Singh®^ have prepared cobalt (II), nickel (II), zinc (II), 
cadmium (II) and mercury (II) thiocyanates with 4.4'-dipyridyl and investigated 
them spectroscopically to find that that i:T ratio is the norm for metal to 4,4'- 
dipyridyl molecule while the remaining coordination positions are occupied by the 
other ligand. Further they found that bridging polymeric species are formed and 




■■ i. ^ ■'■'■T' ' - 








both the ligands can act as bridging ligands. M. Camo et af* synthesized and 
investigated the donor acceptor compounds of mercury (11) with cyanide as one 
ligand and 2,2'-bipyridyl, 1,10-phenanthroline and 2,9-dimethyl-1 , 10- 

phenanthroline separately as the other ligand. They undertook extensive infra 
red spectral studies of these ternary complexes. On the other hand Melnik et al®^ 
have synthesized 4,4'-bipypridyl adducts with copper (ll)-isobutyrate. The 
adducts were found to be binuclear with 4,4'-bipypridyl linking the two copper (II) 
ions through their nitrogen atoms. 

Thomas and coworkers®® have studied the complexes of copper (II) with 
2,2'-bipypridyland 2,9-dimethyl-1, 10-phenanthroline. Kwik and coworkers®^ have 
gone on to investigate copper (li) ternary complexes of o-phenanthroline with O- 

donor ligands which form chelate rings. They found that with increase in size of 

* 

the chelate ring, Cu (II)-— O bond gets weaker. This was indicated by infra red 
spectral studies. The same investigators®®, in a separate report, have described 
the magnetic moment, IR, ESR and polarographic studies of copper (II) ternary 
complexes of 2,2'-bipyridyl and 1,10-phenanthroline with amino acids such as 
glycine, alanine, valine, tyrosine etc. Foulds and co workers®® and Dutta and 
Bhattacharya^°° have isolated and characterized the ternary complexes of cobalt 
(ll) with 2,2'-dipyridine, ethylenediamine, propylenediamine etc. with ligands 
having NN, 00, and NO as donor pairs. 


Shukla and Rajkamal^®^ have investigated the hetero ligand complexes of 




copper (ll) and cobalt (ll) with phthalic acid and aromatic amines and diamines. 
On the other hand, Padhy and Patel^®^ have reported the isolation, 
characterization and other studies on similar complexes of nickel (I I) with S and 


m 



m 


N donor ligands like naphthylurea, 1,10-phenanthroline, 3,5-iutidine, piperidine 
and benzylamine. 

The mixed ligand complexes of oxovanadium with dipicolinic acid and 
some monobasic ligands have been carried out by Kapoor et al’°^. Walten and 
MicheP°'* have applied the tool magnetic susceptibility to investigate the copper 
(ll) complexes with PDA. They carried out investigations on nickel (tl) ternary 
complexes with dipicoline and mono-, di- and tridentate N donor ligands tike 
pyridine, a-picoline, 2,2'-bipyridine and 1,10-phenanthroline. Invariably, six 
coordinate complexes were formed. 

The neutral complexes of lanthanides with picolinic acid-N-oxide have 
been prepared and investigated by Navneetham and coworkers^®^. There was 
bidentate bonding of the ligand with La.'Pr, Nd, Ho and Yb with the coordination 
number of six in each case. 

Saxena and Srivastava^°® have contributed by study of synthesis of 
cobalt(ll), nickel(ll) and copper(ll) with some Schiffs bases and testing them for 
their antibacterial properties. 

The studies of applications of complexes useful in the biolog icaf®^'^®® and 
pharmaceutical^*^® fields have picked up during the last few years. A number of 
investigators* have taken up the study of mixed ligand complexes in the 
solid state using a variety of techniques such magnetic studies, IR, electronic, 
NMR, EPR spectral analysis and thermogravimetry. Many references are also 
available on the various attempts made to study the biological activity of the 


ternary complexes 


117-128 
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However, it has been observed that the study of ternary complexes of 
copper (11), nickel (11) and cobalt (II) in the solid state still has a substantial scope 
from the point of view IR spectral studies. Such studies in the solid state have 
been investigated to a limited extent due to the difficulty in IR spectral 
assignments in large molecules, which ternary complexes necessarily are 
because of obvious reasons. Such large molecules have a large number of 
vibrations and it becomes cumbersome and time consuming to interpret the 
structures. Further, it is not possible to obtain the Raman spectra due the fact 
that such complexes are insoluble in different solvents. 


It was, therefore, thought worthwhile to further explore this inadequately 
worked out arena and make an attempt to synthesize some new ligands, 
investigate their structure and in combination with other suitable ligands prepare 

i 

a series of ternary complexes of copper, nickel (II) and cobalt (11) in the solid 
state, establish their structures and carry out microbial studies to assess their 
biocidal activity. Thus, in short, syntheses, characterization and the study of their 
biological action on certain microorganisms like fungi and bacteria were carried 
out in a systematic manner and reported in later chapters. 


1.3 Plan of work 


The elemental analysis, IR and electronic spectra in conjunction with 
magnetic susceptibility measurements were used for characterization purposes. 


Nickel (II), copper (II) and cobalt (II) were used as the central metal in for 
the ternary complexes under investigation. 




- ■ ■ 



3,3'-dipyridyl(dipy.) and 4,7-dimethyi-1, 10-phenanthroline (phen.) were 


separately used as one of the ligands. 

Four novel compounds (Figure 1.01) synthesized had two replaceable 
hydrogen atoms and a coordinating N and S as well. The four synthesized 
compounds are; 

(i) Diphenylamine-2, 2'-dicarboxylic acid (DPDC) 

(ii) 2-hydroxybezilidine-2-aminothiophenol (HBAT) 

(iii) 2,2'-dithiosalicylic acid and (DTSA) 

(iv) 2-hydroxybenzilidine-anthranilic acid (HBAA) 

In addition, the following compounds were selected to act' as ligands in 
view of their biological importance; 

(i) 2-mercaptobenzoic acid (MBA) 

(ii) Thiodiacetic acid(TDAA) 

(iii) 2,2'-dithiosalicylic acid(DTSA) 

(iv) Dithiopropionic acid(DTPA) 

(v) 3,5-Dinitrosalicylic acid(DNSA) 

(vi) 3,5-Dibromosalicylic acid(DBSA) 

(vii) 1-Hydroxy-2-naphthoic acid(HNA) 

(viii) Iminodiacetic acid and(IMDA) 

(ix) Pyridine-2, 6-dicarboxylic acid (PDA). 
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The ternary 1:1:1 complexes of copper (II), nickel (II) and cobalt (II) were 
synthesized with 3,3'- bipyridine as well as one ligand for one series each and 
one of the 13 aforementioned ligands as the other ligand to prepare two series of 


such ternary complexes with the general formula M (ll)-B-H 2 A where 
M = Cu (II), Ni (II) and Co (II); 

B = 4,4'dipyridine (dipy.) or 4,7-dimethyl-1 , 1 0-phenanthroline and 

H 2 A = One of the four synthesized ligand or one of the nine selected for 
their biological importance. 

A list of the mixed ligand complex ligand synthesized is given below: 

Copper ternary complexes with (dipy.) 

> 

(i) Thiodipropionato-2, 2'-dipyridinecopper(ll) complex or Cu (dipy.) 
(TDPA) 

(ii) 2-Mercaptobenzoato-2, 2'-dipyridinecopper(ll) or Cu (dipy.)(MBA ) 

(iii) Thiodiacetato- 2,2’-dipyridinecopper(ll) or Cu (dipy.)(TDAA ) 

(iv) 2,2’- Dithiosalicylato-2, 2'-dipyndinecopper(ll) or Cu (dipy.) (DTSA) 

(v) Dithiopropionato- 2,2'-dipyridinecopper(ll) or Cu (dipy.)( DTPA ) 

(vi) Pyridine-2, 6-dicarboxylato- 2, 2'-dipyridinecopper(lt) or Cu (dipy.) 
(PDA) 

(vii) 2-Hydroxybenzilidine-2-aminothiophenolato- 2,2'-dipyridinecopper 
(11) or Cu (dipy.)(HBAT ) 

(viii) 2-Hydroxybenzilidine-2-aminophenolato-2, 2'-dipyridinecopper(ll) 


or Cu (dipy.) (HBAA) 






(ix) 3,5-Dinitrosalicylato- 2,2*“dipyridinecopper(ll) or Cu (dipy.)(DNSA) 


3,5-Dibromosalicyfato-2, 2'-dipyridinecopper(ll) or Cu (dipy.) 
(DBSA) 


1-Hydroxy-2-naphthoiato- 2,2'-dipyridinecopper(ll) or Cu (dipy.) 
(HNA) 


(xii) Iminodiacetato- 2,2'-dipyridinecopper(ll) or Cu (dipy.)(IMDA ) 


(xiii) Diphenylamine-2, 2'-dicarboxylato- 2,2'-dipyridinecopper(ll) or Cu 
(dipy.) (DPDC ) 


Cobalt ternary complexes with (dipy.) 


(i) Thiodipropionato-2, 2'-dipyridinecobalt(ll) complex or Co (dipy.) 
(TDPA) 


(ii) 2-Mercaptobenzoato-2, 2'-dipyridinecobalt (II) or Co (dipy.)(MBA ) 


(iii) Thiodiacetato- 2,2'-dipyridinecobalt (II) or Co (dipy.)(TDAA ) 


(iv) 2,2'- Dithiosalicylato-2, 2'-dipyridinecobalt (II) or Co (dipy.) (DTSA) 


(v) Dithiopropionato- 2,2'-dipyridinecobalt (ll) or Co (dipy.) (DTPA ) 


(vi) Pyridtne-2, 6-dicarboxylato-2, 2'- dipyridinecobalt (II) or Co (dipy. )( 
PDA ) 


(vii) 2-Hydroxybenzilidine-2- aminothiophenolato- 2,2'-dipyridinecobalt 
(ll) or Co (dipy.)(HBAT ) 


(viii) 2-Hydroxybenzilidine-2-aminophenolato-2. 2'-dipyridinecobalt (II) or 
Co (dipy.) (HBAA ) 


(ix) 3,5-dinitrosalicylato- 2,2'-dipyridinecobalt (ll) or Co (dipy.)(DNSA) 


(x) 3,5-Dibromosalicylato-2, 2'-dipyridinecobalt (ll) or Co (dipy.)(DBSA) 





1-Hydroxy-2-naphtholato- 2,2’-dipyridinecobait (H) or Co (dipy.) 
(HNA) 


Nickel ternary complexes with (dipy.) 


Thiodipropionato-2, 2'-dipyridine nickel (II) complex or Ni (dipy.) 
(TDPA) 


(ii) 2-Mercaptobenzoato-2, 2'-dipyridine nickel (II) or Ni (dipy.) (MBA) 


(iii) Thiodiacetato- 2,2'-dipyridine nickel (II) or Ni (dipy.) (TDAA) 


(iv) 2,2’- Dithiosalicylato-2, 2'-dipyridine nickel (II) or Ni (dipy.) (DTSA) 


(v) Dithiopropionato- 2,2'-dipyridine nickel (II) or Ni (dipy.) (DTPA ) 


Pyridine-2, 6-dicarboxylato-2, 2’- dipyridine nickel (II) or Ni (dipy.) 
(PDA) 


(vii) 2-Hydroxybenzilidine-2- aminothiophenolato- 2,2'-dipyridine nickel 
(II) or Ni (dipy.) (HBAT) 


(viii) 2-Hydroxybenzilidine-2-aminophenolato-2, 2'-dipyridine nickel (ll) 
or Ni (dipy.) (HBAA) 


(ix) 3,5-dinitrosalicylato-2, 2'- dipyridine nickel (ll) or Ni (dipy.) (DNSA) 


3,5-Dibromosalicylato-2, 2’-dipyridinenickel (ll) or Ni (dipy.) (DBSA) 


(xi) 1-Hydroxy-2-naphtholato- 2,2'-dipyridine nickel (ll) or Ni (dipy.) 
(HNA) 


(xii) Diphenylamine-2, 2'-dicarboxylato- 2,2'-dipyridine nickel (ll) or Ni 
(dipy.) (DPDC) 



Copper ternary complexes with (phen.) 


(i) 2-Mercaptobenzoato {4,7-dimethyl-1 , 10-phanathrotine) copper (II) 
or Cu (phen.) (MBA) 

(ii) 2,2'- Dithiosalicylato (4,7-dimethyl-1 , 1 0-phanathroline) copper (II) 
or Cu (phen.)(DTSA) 

(ill) Dithiopropionato (4,7-dimethyl-1, 1 0-phanathroline) copper (II) or 
Cu (phen.) ( DTPA ) 

(iv) Pyridine-2, 6-dicarboxylato(4, 7-dimethyi-1 ,1 0-phanathroline) copper 
(ll) or Cu(phen) (PDA) 

(v) 2-Hydroxybenzilidine - 2 - aminothiophenolato (4,7-dimethyl-1, 

1 0-phanathroline) copper_(ll) or Cu (phen.)(HBAT) 

(vi) 2-Hydroxybenzilidine - 2 - aminophenolato (4,7-dinnethyl-1 , 

1 0-phanathroline) copper (ll) or Cu (phen.) (HBAA) 

(vii) 3,5-Dinitrosalicylato (4,7-dimethyl-1, 1 0-phanathroline) copper (11) 
or Cu (phen.)(DNSA) 

(viii) 3,5-Dibromosalicylato (4,7-dimethyl-1 , 1 0-phanathroline) copper (ll) 
or Cu (phen.) (DBSA) 

Cobalt ternary complexes with (phen.) 

(i) 2-l\/lercaptobenzoato (4,7-dimethyl-1 , 1 0-phanathroline) cobalt (It) 
or Co (phen.) (MBA) 

(ii) 2,2'- Dithiosalicylato (4,7-dimethyl-1 , 10-phanathroline) cobalt (ll) or 
Co (phen.) (DTSA) 

(iii) Pyridine-2, 6-dicarboxylato (4,7-dimethyl-1 , 10-phanathroline) 



(iv) 2-Hydroxybenzi!idine - 2 - aminothiophenoJato (4,7-dimethyl-1 , 

1 0-phanathroline) cobalt (II) or Co (phen.) (HBAT ) 

(v) 2-Hydroxybenzilidine - 2 - aminophenolato (4,7-dimethyl-1 , 

1 0-phanathroline) cobalt (II) or Co (phen.) (HBAA ) 

(vi) 3,5-dinitrosalicylato (4,7-dimethyl-1 , 1 0-phanathroline) cobalt (II) or 
Co (phen.) (DNSA) 

(vii) 3,5-Dibromosalicylato (4,7-dimethyl-1, 1 0-phanathroline) cobalt (II) 
or Co (phen.) (DBSA) 

Nickel ternary complexes with (phen.) 

(i) 2-Mercaptobenzoato (4,7-dimethyl-1 , 1 0-phanathroline) nickel (II) 
or Ni (phen.) (MBA ) 

(ii) 2,2'- Dithiosalicylato (4, 7-dimethyl-1, 1 0-phanathroline) nickel (II) or 
Ni (phen.) (DTSA) 

(iii) Pyridine-2, 6-dicarboxylato (4,7-dimethyl-1, 10-phanathroline) 
nickel (II) or Ni (phen.) (PDA) 

(iv) 2-Hydroxybenzilidine - 2 - aminothiophenolato (4,7-dimethyl-1 , 
10-phanathroline) nickel (II) or Ni (phen.) (HBAT ) 

(v) 2-Hydroxybenzitidine - 2 - aminophenolato (4,7-dimethyt-1, 
10-phanathroline) nickel (II) or Ni (phen.) (HBAA ) 

(vi) 3,5-dinitrosalicylato (4, 7-dimethyl-1, 10-phanathroline) nickel (ll) or 
Ni (phen.) (DNSA) 

(vii) 3,5-Dibromosalicylato (4,7-dimethyl-1, 10-phanathroline) nickel (II) 
or Ni (phen.) (DBSA) 

The four new ligands and all the ternary complexes so synthesized were 
subjected to elemental analysis, magnetic measurements, electronic and infra 



red spectral studies. Having characterized them, the ternary complexes were 
studied for their biological activity by observing their biological activity against 
some microorganisms like fungi and bacteria of the type listed below: 


Fungi: 


(i) Aspergillus flavus 

(ii) Aspergillus niger 

(Hi) Aspergillus fumigatus 

(iv) Aspergillus nidulanse 

(v) Aspergillus sydowii 

(vi) Aspergillus terreus 

(vii) Aspergillus furasium 


Bacteria: 


(i) Staphylococcus aureus ( Gram +ve) 

(ii) Escheichia coli (Gram -ve) 
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CHAPTER - II 


PHYSICOCHEMICAL METHODS 

It is widely believed and accepted that stereochemical aspects of metal 
complexes, whether simple or mixed, can be adequately investigated by 
combining electronic spectral and infrared spectra data with magnetic 
measurements. A brief review of the important aspects of the application of three 
important analytical techniques is presented in the following sections. The 
measurements are convenient, suitable and sufficient to characterize the 
molecular structure of ligands and the ternary complexes under investigation. 

2.1 Electronic Spectra 

Electronic spectra of metal chelates of transition metals can give us an 
insight into the structure of the complex in terms energy level scheme and 
chemical bonding. A large number of researcher^'® have studied this type of 
spectra by concentrating mainly on d-d transitions. The basic feature of splitting 
of d energy levels in terms of ligand field theory helps us interpret the d-d 
transition of electrons to our benefit. 

There are three regions in the electronic spectra of ligands containing 
nitrogen, oxygen and sulphur and their corresponding complexes. These are 
220-270 nm (45454-37174 cm'^), 270-350 nm (37174-28571 cm'^) and 350-500 
nm (28571-20,000 cm'^). 

The first two regions contain two main peaks which are attributed to %-k 



ligand®'^. The metal to ligand transfer bands and d-d transitions in the crystal 
field are observed® in the third region. 

it is well established that magnitude of d orbital splitting depends upon the 
surrounding ligand environment. It is also affected by the geometry of the 
complex. On the basis of electronic spectra data, it has now become possible to 
discriminate and distinguish four coordinate, whether tetrahedral or square 
planar, from five coordinate trigonal bipyramidal and six coordinate octahedral 
geometry of complex. 

Square planar geometry of Cu (11) complex^ is hinted at by a broad d-d 
band in the region of 14000-19000 cm'^ It is representative of the ^Aig 

transition. It is to be noted that no d-d transition bands are observed’in the region 
1000-2000 cm'^ for the tetrahedral complexes of copper (ll). But these 
complexes show a broad asymmetric ligand field band around 13000-17000 cm'^ 
for ^Eg-+^T 2 g transition in resembling those in octahedral geometry^®"^^. It is 
possible to account^® for broadening of the band by Jahn Teller effect. A broad 
asymmetric band at 12300-14875 cm'^ has also been noticed by Sharma^® et al. 
for mixed complexes of Cu (11). As perthier explanation, two degenerate states 
^Eg and ^T 2 g are further split into two levels each. As a result ^Big — »-^Aig (vi), 
^Big-^^B 2 g (v 2 ) and ^Big— >^Eg (v) transitions yield bands at 12300-14850, 12500- 
14850 and 12600-14875 cm'\ However, being so close to each other, the bands 
tend to coalesce resulting in a broad spectral band. In fact, Srivastava and 
Saxena^^ were also able to obtain three bands at 13157, 14925 and 25641 cm'^ 
to account for parallel transitions in the complexes of copper (11). 
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When Sd non-bonding subshell contains seven electrons as in Co (II), 
normally tetrahedral or octahedral complexes are expected. However, certain 
experimental conditions and better ligand positioning may allow Co (II) to exhibit 
higher coordination number. Thus, three electronic spectral bands in the region 
of 8000-12000, 13000-16000 and 18000-20000 cm'Vare anticipated in the six 
coordinate Co (III) complexes^®-2°. These bands correspond to '‘Tig (F)-»'‘T 2 g (F) 
Wi). Tig (F)-^'*A 2 g (F) (v 2 ) and'‘Tig(F)-+'‘Tig (P) transitions respectively. The first 
transition is weak and is seen as a shoulder. Two intense bands at 15000 and 
24000 cm ‘ for the transition '‘T 2 g (P)-^ '‘Tig (F) and charge transfer respectively 
are to be seen for polymeric Co (II) complexes in which the metal ion is 
tetrahedrally coordinated. In [CuCl 4 ] 2 ’ ion, three absorption bands at 5800 cm'\ 
15000 cm ‘ and 17000-23000 cm'^ are observed. The third one among these is 
weaker. These transitions correspond to the '‘A 2 (F)-^% (F), '‘A 2 (F)-^^Ti (F) 
and % (F)-4 '*Ti (P) respectively. Similarly several transitions in the region 6000- 
7000 cm 14000-18000 cm'‘ and three transitions in the range 8000-11000 cm'^ 
may be expected for Co (II) in the square planar ligand field. 

In the case of nickel (II) complexes in octahedral field there are three spin 

allowed transitions which correspond to %g-^^T2g (vr), ®A2g -^^Tig (vg) and 

'3 

Tig (P). It now needs no confirmation that the electronic spectra of low 
spin Ni (II) complexes is vastly different from those of high spin tetrahedral and 
octahedral species\ However, before we discuss the specific cases relating to 
these transition, shapes of complexes and the observed absorption bands, it 
would be worthwhile to have an idea of the five parameters which permit the 







interpretation of data in different ligand environments 
enumerated below- 


Ligand Field splitting factor [10 Dq or A). 

Racah s interelectronic repulsion parameter (B) 
Nephelauxetic ratio p. 

Ligand Field Stabilization Energy [LFSE], 

Ratio of spin allowed transitions. 


One can obtain an adequately accurate value of 10 Dq for copper (II) 

complexes by the V. Agarwal's equation^^ 


However, when one broad spectral band is observed, the ligand 
field stabilization energy is computed using the following relationship 


transition values 


On the other hand, the 10 Dq values for Co (11) complexes are 
conveniently available from the equation^^ 

10£)<? = V2-Vi 

The energy of the first band corresponds^'* to the 1 0 Dq in the case of Ni 
(ll) complexes in the weak field as by configuration interactions, the second and 
third transitions become indistinguishable. 

2.2 (b) Racah Inter-Electronic Repulsion Parameter 

The energy of the terms above the ground term within a configuration may 
be interpreted by inter-electronic repulsions. These energies are of functions of 
Racah's parameter represented by the symbol B. 

The Racah parameter^^ Bo values^® based on electronic configuration (d^- 
d®) for gaseous ions are listed in table 2.01. 

It is possible to calculate the B values for the metal ions under 
investigation using the relationship^®'^® 

V2 + V3 - 3 Vi 

D = : 

I 5 

With the knowledge of calculated or say theoretical value of interelectronic 
repulsions, parameter Bo, the reduced values of B in complex systems can be 
obtained®^. 





TABEL - 2.01 


3d" 

fon 

RACAH parameter (Bo) 

3d^ 

Tj2* 

720 



860 


Cr4+ 

1040 

3d^ 


765 


Cr®* ' 

1030 

3d‘‘ 

Cr®* 

830 


Mn®^ 

1140 

3d® 


960 

3d® 

Fe®* 

1060 i 


Co®* 

1100 

3d^ 

, Co®* 

1120 

3d® 

Ni®* 

1080 

3d® 

Cu®* 

1240 


2.3 (c) Nephelauxetic Effect 

The Russel Saunders (R.S.) states are smaller in coordinated metals 
compared to the free metals. This difference in the R.S. states is attributated to 
the repulsions within the d electron cloud on coordination. It may, therefore, he 
concluded that the charge cloud has dilated leading to decrease in energy 
separation between the states. Obviously, the mean distance between the d 
electrons increases. As a result, inter electronic repulsions exhibit a decrease. 
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This phenomenon is termed as Nepheiauxetic Effect. The magnitude of thus 
effect is expressed in terms of nepheiauxetic ratio (P) by the relationship 

p _ B{in coordinated ion) 

B^{in free ion) 


In fact, the value of p is a direct measure of covalent character in metal to 
ligand band in a complex. If p = 1, the band is cent percent ionic, p = 0.5 
indicates cent percent covalent character in the metal to ligand band in the 
complexes in the studies being undertaken. 


2.1(d) Ligand Field Stabilization Energy 

When in a Ligand field, the degenerate energy levels are split, the 
difference in energy of the lowest level among the split-levels and the center of 
gravity of the system in known as ligand field stabilization energy. It is the usual 
practice to express the LFSE as gain in energy in terms of unit of Dq. In the 
case of a weak ligand field, the LFSE for any configuration can be found from the 
energy of the lowest level. 


LFSE = 


XDq 


where X varies with variation in d" configuration 


The LFSE values for various d" values in tetrahedral and octahedral 
ligand fields are listed in table 2.02. 
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TABEL - 2.02 


Weak field 
(Octahedral) 


LFSE 


Wak field 
(tetrahedral) 


Strong field 
(Octahedral) 

20Dq(15F2-275Fu) 


12 Dq 


24 Dq (5 Fz + 255 Fu) 


18 Dq (7 F 2 + 105 Fu) 


12 Dq 


12 Dq 


2.2 (e) Ratio Of Transitions {V 2 /V 1 ) 

The magnitude of the ratio of transitions (v 2 /vi) can lead us to the 
geometry of a complex. Thus, theoretically, the six coordinated regular 
octahedral complex should have V 2 /V 1 in the range of 1.8 to 2.2 But for distorted 
octahedral shape^'^^the ratio stands lowered to 1.20-1.74. However, for the four 
coordinate metal complexes no such ratio has been reported thus far. 


2.1 Experimental 

For the study of electronic spectra of the ternary complexes presently 
being reported in the subsequent chapters, Bausch and Lamb Electronic 20 and 
Backman DU-6 Spectrophotometers were used for all dipy. metal and 
phenanthroline metal complexes. The solvent used was either DMF or DMSO. 





2.3 Infra Red Spectral Studies 

infra red spectroscopy occupies an exalted position among techniques 
utilized for determination and structure of organic compounds as well as metal 
coordination compounds. This brand of spectroscopy is helpful in identifying and 
authenticating the presence of functional groups and assessing the nature of 
bonding in coordinstion compounds. 

The synthesis and characterization of a number of mixed ligand 
complexes has been carried out by infrared studies by many investigators^^'^^ 
The characterization of inorganic metal complexes can also be carried out; an 
account which has been presented by Nakamoto^'*. 

A careful review of these reports and the interpretation of vibration 
frequencies in IR spectroscopyMeads to precious information which can used to 
Identify the functional groups present assess the type of bonding and establish 
the ligand chain length in addition to arrival at degree of molecular symmetry and 
isomerism exhibited by complex molecules. When a ligand forms a complex with 
a metal, the frequency of its IR vibration is general lowered. 

In totality, the following changes can be observed in the IR spectrum of a 
ligand when it coordinates with a metal. ion to form a complex. 

(i) Change in position of bands 

(ii) Change in relative intensities of bands. 

(iii) Split in IR vibration due to lowering of symmetry as due to 

coordination, degeneracy of certain levels of the ligand is 
destroyed. 






w. 


It may be noted that high frequency vibrations in the range 4000-650 cm'^ 
are ligand sensitive and are due to the presence of the ligand. On the other 
hand, those of the low frequency in the range 650-50 cm‘^ are metal sensitive 
and are due to metal ligand bonding. 

Let us have a look at some common characteristics IR bands and 
frequencies due to ligands and complexes. 

Bands in the region of 3100 cm'^ and 1660-1590 cm'^ (stretching) indicate 
the presence of C-H and C=C in the ligand respectively. The out of plane 
deformation of C-H is observed at 990-675 cm'\ The carboxylic group and a ring 
system in a molecule is inferred from I R bands in the region 1750-1600 cm'^ 
and 1200 cm'\ and 1100-1000 cm'^ and 900-650 cm‘^ respectively. 

In the free Schiffs bases, the characteristic frequency (vq) for OH and 
azomethine occur at 3500 cm'^ and 1660 cm'^ respectively. However, on 
complexation, the vqh band just disappears due to deprotonation. The frequency 
of the carboxylic group in such eases, observed at 1645 and 1550 cm‘\ shifts to 
lower regions on complexation. If such is the case, both the groups participate in 
bond formation with the metal ion. 

The C=N part in the aliphatic Schiff s bases shows a band around 1670 
cm'^. In the aromatic Schiffs bases, however, C^N band occurs in the region of 
1630 cm'\ The electron density in the C^N region decreases if the coordination 
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In case hydrogen bonding is present, the vqh stretching vibration has the 
absorption peak around 3520-3500 cm'\ There is further shifted to a lower 


frequency region if the coordination occurs through the hydroxyl group. 

In the free ligand, the carboxyl stretching vibration frequency and that of 
the carboxylic group is of observed in the region of 1680 cm'V A detectable 
lowering of this band takes place when the ligand links to the metal ion through 
carbonyl oxygen and carboxylic oxygen. 

A band occurring at 1630 cm'^ is assigned to the C^N stretching 
frequency. This frequency is also lowered when metal forms chelates by 
coordination through azomethine nitrogen. A band at ~ 1500 - 1440 cm'Vis 
attributed to the aromatic C=C stretching vibration. 

Fujita and coworkers^^ studied the IR spectra of some molecules and 
made some useful observations. 

In the region of 900- 800 cm'^ some bands associated with coordinated 
water molecules are observed. But the strength of the coordinated bond and 
extent of hydrogen bonding determines their appearance. One cannot just 
assign the bonds in the region to coordinated water in all the cases, as there is 
no possibility of stretching and bending of atoms in the stated region. Perhaps, 
the observed bonds may be attributed to some kind of wagging, twisting or 
rocking motion. There are certain definite requirements for the bands to occur in 
the region. The requirements can be summed up as ; 


i 





(a) water molecules finked as ligand and not as water of crystallization. 

(b) adequate strength of the M - O bond. 

(c) sufficiently strong hydrogen bonds formed by ligand water 
molecules with neighboring atoms. 

When coordination takes place through nitrogen atoms of =NH gro 
these is toweling of vn-h vibration in the form of a special band in the region of 
3400cm'\ This is so in the case of ligands such as IMDA and DPDC. 

Free ligands like TDPA and DTPA show bands of moderate intensity in 
the regions around 2130 and 2850 cm'\ These bands may be attributed to the 
as symmetric and asymmetric CHa-S stretching frequencies l^e^^tively. When 
these ligands form chelate complexes there is a marked shift in these 
frequencies in the corresponding complexes. The shifts are attributed to the 
coordination of the ligand to the metal through S atoms of the CHa-S group. 
Further, a moderate band in the region of 570-660 cm“^ assigned to C-S 
stretching vibration in the free ligand is also shifted. One can obviously infer the 
involvement of S when a complex is formed with a metal ion. S-S stretching 
vibration observed at 500 cm'^ in the spectral study of a free ligands also shows 
a shift clearly attributable to the fact that complexation has taken place involving 
S to form a metal to sulphur bond. 

In this connection Adams^® has reported that the metal-sulphur stretching 
frequencies lie in the range of 480-210 cm'\ The frequencies Pb-S band and Pt- 
S band for a number of complexes have been found to lie between 400-280 


37 



cm'^ . It goes without saying that the metal to sulphur bending frequency remains 
unaffected by the atomic weight of the metal used to form the complex. 




The metal-nitrogen bond exhibits a stretching frequency below 200 cm'\ 
The unidentate amine show it at 500-300 cm'^ while for pyridine complexes it lies 
between 287-200 cm'\ The tetragonal diamine complexes of Co (II) and Ni (II), 
Lever has shown^^, have Vm.n in the range of 400-338 cm■^ Justifiably, it is not 
easy to characterize the M-N linkage with a great degree of certainty in metal 
chelates. However, Livingstone and Nolan^® have found that Vm-n and Vm-s in Ni 
(II) complexes of tridentate ligands appear at 415-412 cm"^ and 328-326 cm’’ 
respectively in Ni (II) complexes of tridentate ligands. 

2.32 Experimental 

i 

A Perkin-Elmer Spectrophotometer (model 521) installed at the 
Instrumentation Center at IIT, Delhi was used to carry out 1 R spectral studies of 
synthesized ligands and ternary complexes in the frequency range of 4000-200 
cm'^ at the room temperature. The pellets of the compounds were made by 
grounding them thoroughly with Csl. 

3.4 Magnetic Studies 

3.41 Introduction 

In the arriving at the stereochemistry of complex molecules, the 
knowledge of their magnetic moment can play an important role. The ligands 
present around the metal ion affect the arrangement and distribution of electrons 
in the d orbital. Therefore its (magnetic moment) knowledge serves as a tool to 


38 


establish the type of bond between metal and atom at the coordinating site, 
oxidation state of the metal and also the stereochemistry of the complex, as we 
shall describe in the following lines. 

The electrical nature of atom and the energy state of the relevant atom or 
molecule are the cause of presence of magnetic susceptibility in any species. As 
we know, the distribution of electrons in d orbitals of a metal depend upon the 
arrangements of ligands surrounding it. A number of aspects of factors affecting 
magnetic susceptibility were taken up by Kolam^®. 

Earlier, pioneering work done by Pauling on application of magnetic 
measurements on study of complex has laid down the framework for further 
investigations in the field. Even today, it is the basis of any research of related 
problems. An advance towards explaining the often large difference of magnetic 
moment the first, second and third row transition elements of the same 
configuration and its temperature dependence was made by Kolam by including 
spin orbital coupling effect into strong field coupling effect. Consequently, it has 
been possible to rationalize the abnormal behavior of the transition metal 
complexes. The following factors are considered vital for the purpose. 

(i) increase in spin orbital coupling X of the metal. 

(ii) greater separation between t2g and Eg orbitals due to greater crystal 
field repulsions 

(iii) predominance of intermediate forms of complexes over Russel 
Saunder’s coupling complain. 

(iv) the effect of ferromagnetic anti ferromagnetic interaction 
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9 electrons are present in the third sub sell of copper (II) i.e. there is one 
unpaired electrons obviously, its compounds should have a magnetic moment of 
1.73 BM whatever type of bond it forms. However, the copper (II) complexes 
involving strong ionic/ weak covalent bond possess a magnetic movement in the 
range of 1.9 to 2.2BM and for strong covalent /weak ionic bond in the range of 
1.72-1.82 BM it may be inferred that copper (11) compounds with sub normal 
magnetic moment greater then 1.73 BM are distinctly characterized by a weak 
covalent bond. Most of such complexes are dimeric with to copper (II) ions in the 
molecules. So almost all such compounds have magnetic coupling as inferred 
by a number of researches.'^®'®® Thus, like cooper (11) acetate monohydrate such 
complexes are binuclear. 

The overlapping of all orbilats is also able to account for the subnormal 
magnetic moments of Cu (II) complexes. The magnetic moment is affected by 
extent of overlap d orbitals. Larger overlap of d orbitals results in larger 
interaction between Cu (II) — Cu (II) ions. The distance between the two ions also 
affects the extent of this overlap. 

It has been established that the magnetic moment value of Cu (11) 
carboxylate increases with increase in electron withdrawing ability of the 
carboxylate ligand. As a result there is lesser Cu (II) -Cu(ll) interaction the 
increase in coordinating ability of trans — axial ligand'^® also increases the 
magnetic moment of complexes. As already stated, theoretically, whatever the 
geometry, the Cu (II) complexes are expected to possess a magnetic moment of 
1.70 BM corresponding to the presence of one unpaired electron. If the value of 
magnetic moment approaches this value, the must be monomeric in nature. 


Bicket has reported that is square planar, tetrahedral and distorted 
octahedral Cu(ll) complexes, the room temperature magnetic moment falls in 
the range of 1 .85 - 1 .86, 1 .90 - 2.00 and 1 .90 - 1 .93B.M. respectively. 

It has been shown^'' on the basis of magnetic measurements that the 
metal ion in Co (11) complexes has a tendency to increase its coordination 
number from 4 to 6 without breaking the chelate ring. The paramagnetic 
behavior of Co (11) complexes can also he explained or the basis of magnetic 
measurement. The Co (11) ion with a configuration of d® can undergo sp^d^/d^sp^ 
or dsp^ hybridization to from octahedral, tetrahedral and square planar 
complexes respectively. The square planar complexes of Co (11) are 
paramagnetic corresponding to one unpaired electron; outer orbital octahedral or 
tetrahedral complexes possess magnetic moment corresponding to three 
unpaired elections. The square planar complexes of Co (11) have magnetic 
moment of 2.1 to 2.8 BM in the octahedral geometry the magnetic moment is 
found to be in the range of 4.7 to 5.2 BM corresponding to three unpaired 
electrons. The magnetic moment in tetrahedral Co (II) complexes should have 
spin only value of 3,8 if there is electron pairing between the metal ion and the 
ligand. It also corresponds to three unpaired electrons. 

For octahedral Co (II) complexes, orbital contribution would be small with 
negligible electron pairing. However in the case of square planar complexes the 
orbital contribution is large. As per Figgis and Nyholm^^'^^ this difference is 
helpful and in deciding the stereochemistry of a complex. The reverse situation 
prevails when there is electron sharing in square planar complexes of Co(ll). 




Many references are available on magnetic moment of octahedral and 
square planar complexes of Ni (II) including their temperature dependence and 
crystal anisotropy. It has been experimentally verified that tetrahedral and 
octahedral nickel (II) complexes have their effective magnetic moment values in 
the range of 3.40 - 4.20 BM and 2 and 3 - 3.40 BM. Distortion of octahedral 
shape increases the magnetic moment. From the point of view of magnetic 
properties, it is useful to divide Ni (II) complexes into three classes: 

(i) six coordinate octahedral paramagnetic complexes in the 
ground term (magnetic moment bet 2.0 - 33 BM) 

(ii) four coordinate tetrahedral paramagnetic complexes with ^Tig 
ground term (magnetic moment range 3.2-4.0 BM and 

(iii) four coordinate square planar dimagnetic complexes with singlet 
ground term. 

Since the contribution of magnetic moment depends upon 
electronegativity of attached ligand and is very sensitive to slight departure from 
cubic symmetry of octahedral complexes, it is not quite satisfactory to distinguish 
between octahedral and tetrahedral symmetry in the case of Ni (II) and Co (II) 
complexes 

4.2 Experimenta] 

Generally, one of the following three methods may be applied to 
determine the magnetic susceptibility of the complexes 


(i) NMR method 

(ii) Faraday’s method 

(iii) Gouy’s method®®'®’ 
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However, Gouy’s method being simple and easily affordable has been 
used in our present investigations. 


GOUY’S METHOD 


All the measurements were carried out at the room temperature in the 
magnetic field of 5kg and 10 kg. The tube constant was determined using AR 
(BDH) CUSO4, 5H2O (g = 5.8472 x 10'® CGS units at 20°C) as the calibrant 
Finally powdered sample was filled up to a fixed mark in a hard glass specially 
designed tube. The specimen tube was suspended in one pan using a silver 
string in a closed glass chamber to avoid any air damping. Magnetic field from 
5x10® to 10x10® Gauss was generated by an electromagnetic field from a 
controlled A.C. mains pure supply. 


The following data was used to compute the magnetic susceptibility of the 
complexes being investigated. 


(i) Weight of empty glass tube without magnetic field = Wig 


(ii) Weight of empty glass tube without magnetic field = W2g 


(iii) Glass tube + CUSO4.5H2O without magnetic field = Wag 


(iv) Glass tube + CUSO4 .5H2O with magnetic field = W4g 


AW, the change in weight of CUSO4.5H2O is given by 


AW = (W4 - W3 ) - (W2 - Wi) 


The total magnetic force (Fo) an tube containing CUSO4.5H2O or any 
substance is given by 
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Where 


A - area of cross section of the glass tube. 

B = susceptibility constant 
H = the field in center of pole gap of a magnet 
Ho = the field in region out of influence of the magnet 
But since H »>Ho, Ho is negligible 


The value of specific susceptibility is given by 


where d is density 



g ascal s constant, dimagnetic correction is applied and corrected 

molar magnetic susceptibility values are obtained as per expression 


’Zm~ (diamagnetic correction) 


magnetic moment (Peff) is given by the following expression 


Where T is the absolute temperature 

From Peff, the number n of unpaired electrons can be computed using the 
relation 
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CHAPTER - III 


SYNTHESIS ELEMENTAL ANALYSIS 
AND MICROBIAL STUDIES 


Introduction 


As indicated in chapter 1, four novel ligands v\/ere synthesized and their 
elemental analysis was carried out, nine others were used to prepare complexes 
with Ni (ll), Cu (li) and Co (II) with 3,3’- dipyridine and 4, 7, - dimethyl -t, 10 
phenanthroline which were then subjected to elemental analysis. The following 
lines describe the nature of reagents used and the procedures followed for the 
syntheses, elemental analysis and microbial studies. 


3.1 Synthesis of ligands 

All the reagents used were of analytical purity grade. The four new ligands 
were synthesized by following the usual practice of preparing azomethines by 
the condensation of a primary amine with an active carbon. It is known' that 
Schiffs bases are formed via carbinolamine as intermediate, which, on loss of a 
water molecule, yield the desired base. The process for the synthesis of the four 
ligands is described in the following sub-sections. 


3.1.1 Synthesis of 2 - hydroxy be nzalidin e^nthranilic and 
(HBAA) 

6.9 g (0.05 mole) of anthranilic acid was dissolved in minimum amount of 
ethanol and mixed with a 5.32 ml (O.OSmole) of salicylaldehyde in 25 ml 






ethanolic solution. The mixed solution was refluxed over a water bath for one 
hour, it was allowed to stand overnight. Orange red crystals were obtained. The 
crystals were filtered off and washed with water several times. After final 

\A/3shinQ with 6th3nol, thG crystsls wbtg driBd 

3.1.2 Synthesis of 2- hydroxybenzaJidine - 2 -amino phenol 
(HBAT) 

Ethanolic solution of (0.05 mole) of aminophenol in ethanol and (.05 mole) 
of anthranilic acid also in ethanol were mixed together, and refluxed on a water 
bath for over one hour. Dark yellow crystals so obtained were filtered and 

washed with alcohol and some ether. They were finally recrystallised from 
ethanol. 

3.1.3 Synthesis of diphenylamine -2, 2- dicarboxylic acid 
(DPDA) 

0.05 mole of esch snthranilic and o-chlorobenzoic acid respectively were 
taken in a flask fitted with a condenser. Water was added to make the solution 
aqueous and the solution was neutralized with potassium carbonate. The 
mixture so obtained was refluxed on a water bath for about five hours. Animal 
charcoal was added to decolorize the solution and the contents boiled and 
filtered under suction. The filtrate was acidified with dilute hydrochloric acid and 
then allowed to cool. A solid was precipitated. It was filtered, washed and 
recrystallised from alcohol. 








3.1.4 Synthesis of 2,2’- dithiosalicylic acid (DTSA) 


lOg of thiosalicylic acid was suspended in water and reacted with 2g of 
copper sulphate solution acidified with 2 mt g 4 N hydrochloric acid white stirring 
the mixture for about an hour gave a crystalline precipitate. After filtration, the 
crystals were recrystallisd from 95% acetone. 

3.2 Synthesis of ternary complexes 

The complexes were synthesized by the method due to Walton et aP'^ 
and Musumeci et al.^'^ Thus, one of the following two procedures was followed 
for the purpose. For purposes of calculation of 2x10'^ moles of ligands, metal 
salts etc., the molecular weight of the substance was divided by 5000 and the 
value taken in grams. 


Procedure I 


The equimolar (2x10’^l\/l) amounts of the two ligands (one acidic and other 
neutral base) were dissolved separately in aqueous / alcoholic / acetoni^ 
solutions and were mixed together while stirred briskly. The metal acetate in the 
same molar proportion (2x10'^M) dissolved in ethanol was the added slowly with 
constant stirring and shaking. One was careful to maintain the pH between 5 and 
6 by addition of alcoholic ammonia solution. 


The mixed well stirred solution was heated on a water bath for about an 
hour and then cooled. A precipitate separated, the solution was filtered and the 
precipitate washed with distilled water / benzene / acetone / ether and dried in a 
vacuum dessicator over fused CaCla/ P4O10. 




Procedure H 


A solution of the acid was prepared in ethanol and mixed with on aqueous 
solution of metal acetate in the pre-determined proportion to get a metal (II) 
dicarboxylate solution. It was subjected to evaporation until minute crystals 
separated. After washing the crystals with a mixture of 50% ethanol - 

diethylether, they were dried in vacuum over anhydrous aluminum chloride at the 
room temperature 


3.2.01 Synthesis of M (dipy.) TDPA complexes 

A solution of 0.0122g dipyridine in 25 ml ethanol was added to 25 ml g 
ethanolic solution of 0.3564 g TDPA with brisk stirring. Procedure I was followed. 
To this solution an alcoholic solution of metal acetate [0.3993g of Cu (II) acetate 
monohydrate / 0.4980 g of Co (II) acetate tetrahydrate or 0.4976 g Ni (II) acetate 
tetrahydrate was slowly added attended by constant stirring by means of a 
magnetic stirrer. The precipitate was digested over a water bath, filtered under 
suction and washed with water, acetone, benzene alcohol and ether in the order 

stated. It was finally dried in vacuum over P 4 O 10 . 


3.2.02 Synthesis of Wl ^dipy) HBAA complexes 

Procedure ! was found suitable for the preparation of this complex 
0.3122g of 3,3 -dipyridine in alcohol, 0.4820g of HBAA also in alcoholic solution 
and equimolar anions (2x10 ^M) of the metal acetate were mixed together 
accompanied by constant stirring. The pH of the solution was maintained 
between 5.0 and 6.0 by addition of alcoholic ammonia. The precipitate was 
digested over a water bath, filtered washed with T.1 water acetone mixture, 
alcohol, benzene and then with ether. The washed precipitate was dried over 
P4O10 in vacuum dessicator. 

3.2.03 Synthesis M(dipy.) DTSA complexes 

0.61 28g of DTSA in 25ml alcohol and 0,3122g of 3,3’ - dipyridine also in 
alcohol were mixed together with constant stirring. Equimolar amounts of 
respective metal acetate solution with pH in the range of 5.0 to 6.0 was mixed 
with constant stirring. The precipitate, so obtained was digested on a water bath, 
filtered and washed with water, acetone, and benzene and then ether. It was 
dried in a vacuum dessicator at over phosphorus pentoxide. 

3.2.04 Synthesis of i\/l(dipy) TDAA complexes 

Procedure II was followed in this case. A solution of TDAA (0.3002g) in 
alcohol was added to equimolar solution (2x10'^l\/l) of 0.3992 g Cu (ll) acetate 
monohydrate / 0.4976g of Ni (ll) acetate tetra hydrate / 0.4980 g Co (ll) acetate 
tetra hydrate to get the corresponding metal dicarboxylate. The solution was 
evaporated to separate the minute crystals. These were filtered, washed with 
alcohol and ether and dried over P4Q10 Ih a vacuum dessicator. The boiling 
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suspension of the crystals was mixed with 2x10'^M solution of 3,3 -dipyridine 
The precipitate obtained was filtered, washed and dried as usual over P.iOic at 
the room temperature, 

3.2.05 Synthesis of M - (dipy) MBA complexes 

As per procedure 1, 0.3082g of MBA in 25 ml acetone and to 0.5122 of 3,3 
dipyridine in 25 ml of ethanol were mixed together with constant stirring keeping 
the pH in the range of 5.0 - 6.0. An aqueous acetonic (1:1) solution (2 0x10'^ M) 
of the corresponding metal acetate hydrate was added while still stirring the 
solution. The precipitate so obtained was digested an a water bath, filtered, 
washed with water, acetone benzene alcohol and ether in the stated order and 
then dried in vacuum over fussed CaCl 2 at the room temperature. 

3.2.06 Synthesis of M- (dipy) DTPA complexes 

Procedure 11 was found suitable for the preparation of these ternary 
complexes. 0.3122 g of 3,3’-dipyridine was added to a warm solution of 
dithiopropionates prepared by mixing equimolar amounts of metal acetate and 
DTPA in alcohol. The procedure was accompanied by constant stirring. The 
colored precipitate was washed as usual with water, acetone, alcohol, benzene 
and then with ether. It was washed under suction over fused calcium chloride in 
a vacuum dessicator. 

3.2.07 Synthesis of M- (dipy.) DNSA complexes 

Following procedure 1, 0.4920 g of DNSA in ethanol and 0.31 22g of 
dipyridine also in ethanol were mixed together with constant stirring. The pH of 



the solutions was maintained in the range of 5.0 and 6.0 by ethonolic ammonia 
The corresponding metal (II) acetate solution in ethanol was added slowly with 
constant stirring. A parrot green Cu (II) complex, dark yellow Co (II) complex and 
green Ni (II) complex precipitate obtained was washed successively with 
different solvents and dried under reduced pressure in a vacuum dessicator 


3.2.08 Synthesis Of M- (dipy) DBSA complexes 

Here again the procedure I was found advantageous. 0.5918 g of DBSA 
and 0.3122 g of 3,3 -dipyridine in ethanolic solutions were mixed vigorously with 
equimolar amount the metal acetate (2x10'^ ) in ethanol solution. The pH was not 
allowed go out of 5.0 to 6.0 range. The precipitate was digested on water bath, 
filtered, washed as usual, with a number of solvents. The greenish yellow 
[copper ternary complex], yellow [Co (II) ternary complex] and green [Ni (11) 
ternary complex] was dried under suction over P4O10 in a vacuum dessicator. 


3.2.09 Synthesis of M- (dipy) (HNA) complexes 


0.3762 of HNA dissolved in minimum volume of acetone was mixed with 
0.3122 g 3,3 -dipyridine in alcohol. The pH was brought in the range of 5.0 and 
6,0 sand 2x10 ^ M of the metal was added. Coloured precipitate obtained was 
digested on a water bath, filtered, washed with water, acetone, benzene and 
finally with ether. The crystals were then dried at the room temperature under 

reduced pressure in a vacuum dessicator over P40to 


3.2.10 Synthesis of M-(dipy) DPDC complexes 

Following procedure II, 0,5140 g of DPDC in alcohol 0.3992 g of Cu (II) 
acetate monohydrate / 0.4976 g Ni (ll> acetafe rrohohydrate also in alcohol were 
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mixed together, heated on a water bath for evaporation Crystals of metal 
dicarboxylate separated. To the suspension of dicarboxylate, 2x10'^ M solution 
of 3,3- dipyridine {0,3122g) in alcohol was added to get the crystalline 
precipitate. It was filtered, washed successively with water, acetone and ether It 
was dried in a vacuum dissicator over P4O10 at the room temperature 


3.2.11 Synthesis of Wl- (dipy) HBAT complexes 

0.4580 g of HBAT was dissolved in alcohol and the pH range of the 
solution was brought in the range of 5 and 6 by adding ethonolic ammonia. To 
this solution. 2x10'^ Motes of the metal acetate as well as 3,3’-dipyridine were 
Brick red / black /dark brown precipitate was obtained respectively the precipitate 
was filtered and washed with benzene, alcohol and then ether. The precipitate 
was finally dried in a vacuum dessicator under reduced pressure over P4O10 


3.2.12 Synthesis of l\/l-(dipy) PDA complexes 

2x10'^ dicarboxylate of the three metals prepared as per procedure It 
were separately dissolved in alcohol and treated with 0.3122 g of 3,3’-dipyridine 
while maintaining the pH in the range of 5 and 6. The solution was washed, 
stirred and filtered. The filtrate, on evaporation, yielded blue / blue green / pink 
crystal for Cu (II) /Ni (II) /Co (II) ternary complex respectively. The crystals were 
washed successively with water, dried under reduced pressure in a vacuum 
dessicator. 


3.2.13 Synthesis of Cu-dipy IMDA complex 

Sodium salt of IMDA (0.2662 g), .3122 g of 3,3’- dipyridine and 0.3992 g 
of Cu (II) acetate monohydrate were mixed together in alcohol. Deep blue 








crystals were obtained. They were digested on a water bath, filtered, v/ashed 
with water acetone, benzene and then with ether. The crystals were dried over 
P4O10 under reduced pressure in a vacuum dessicator. 

3.2.14 Synthesis of Copper (Phen) DTPA complex 

0.4202 g of DTPA in ethanol, phenanthroline (Phen) in acetone and the 
resultant solution was mixed with 0.3992 g of (all concentrations 2x10'^ m) of Cu 
(II) acetate monohydrate while keeping the pH between 5.0 and 6.0. A green 
precipitate was obtained. It was digested on a water bath, cooled, filtered and 
washed with water, alcohol, acetone, benzene and then ether. It was dried in a 
vacuum dessicator at the room temperature and reduced pressure over 
anhydrous CaCb. 

i 

3.2.15 Synthesis of M-(phen) HBAA complexes 

Procedure I was followed. 0.4820 g of HBAA in alcohol, 0.4164 g of 
(phen) in acetone and alcoholic solution of 2.0x10'^ mole of metal acetate in 
alcoholic solution were mixed gradually accompanied by constant stirring while 
maintaining the pH between 5 and 6. The precipitate, brown in each case, was 
digested on a water bath, washed, with solvents as in 3.3.14 and finally dried. 

3.2.16 Synthesis of M (phen) DTSA complexes 

2x10'^ moles of DTSA in alcohol and (phen) in acetone were mixed 
together with constant stirring. Metal acetate (2x1 0'^ moles) in alcohol was added 
which keeping the pH between 5 and 6. Light green/ violet precipitate obtained 
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for Cu (II)/ Ni (11) / Co (II) ternary complexes was digested on a water bath 

cooled, filtered and washed and dried as in 3.2,14. 


3.2.17 Synthesis of M- (phen.) MBA complexes 

0.3028 g of MBA, m ethanol and 0.4164 g of 4,7-dimethyl-1 , 10- 
phenanthroline were mixed with constant stirring. Maintaining the pH between 5 
and 6, 0.3992 g of Cu (II) acetate monohydrate/0.4980 g of Co (II) acetate 
monohydrate /0.4976 g of Ni (11) acetate tetrahydrate was added slowly to the 
mixed ligand solution. A yellow/ dark yellow/ light green precipitate was obtained 
for Cu (ll)/Co (ll)/Ni (II) ternary complex. It was digested on a water bath, cooled, 

t' . 

filtered, washed with water, alcohol, acetone and then ether. It was dried over 
anhydrous CaCIs in a vacuum dissicator under reduced pressure’. 

3.2.18 Preparation of M- (phen) DNSA complexes 

2x10' moles of DNSA in alcohol solution and (phen) in acetone solution 
were mixed together accompanied by constant stirring. The pH was kept 
between 5 and 6 and equimolar concentration of the corresponding metal 
acetate was added gradually. The precipitate obtained was digested over a 
water bath, cooled, filtered and washed and dried as in sub-section 3.2.17. 

3.2.19 Preparation for M- (phen.) DBSA complexes 

0.41 64g of 4,7- dimethyl-1, 10- phenanthroline (phen) in acetone and 
equimolar amount of 3,5- dibromosalicylic acid (DBSA) in alcohol were mixed 
together gradually accompanied by constant stirring. Alcohol i.e. ammonia was 
added to maintain pH between 5 and 6 and on ethanolic solution of 2.0x10'^ 


01 ^ 




green/pink/green crystalline precipitate was obtained for Cu (1!)/ Co (II)/ Ni (II)/ 
ternary complex. The precipitate was digested washed and dried as sub-section 
3.2.17. 

3.2.20 Synthesis of IVl-(phen) HBAT complexes 

Procedure II was followed. 0.002 moles of HBAT and equimolar amount 
of metal acetate were mixed in minimum volume of ethanol. The solution was 
stirred vigorously and cooled in a water bath. The crystals of metal HBAT salt 
were obtained. The crystals were separated, dissolved in alcohol and 0.002 
moles (0.4164 g) of (phen) in ethanol was added with constant stirring. 

The precipitate obtained was digested over a water bath, cooled, filtered 
and washed with water, alcohol and then ether. It was dried over P4O10 in a 
vacuum dissicator. 

3.2.21 Synthesis of M- PDA complexes 

Procedure II was followed and 0,002 moles of metal acetate and PDA 
were dissolved in ethanol separately. The solutions of (phen) and PDA were 
mixed and stirred thoroughly keeping the pH of the ligand mixture solution 
between 5 and 6. The metal acetate solution was added with constant stirring. 
Blue/Pink/ light green precipitate was obtained for Cu (ll)/ Co (II)/ Ni (ll) ternary 
complex. The precipitate was digested on a water bath cooled, filtered, washed 
with water alcohol, acetone and ether in succession and dried as in earlier sub- 



sections 


3.3 Elemental analysis and molecular formula 


The purity of the ligands synthesized and the ternary of the complexes of 
Cu (II), Ni (II) and Co (II) established by TLC and chemical analysis The 
molecular formula, in each case, was derived from elemental analysis, TGA and 
molecular weight determination The samples were analyzed for C, H, and N by 
micro analytical technique at the Regional Sophisticated Instrumentation Centre, 
CDRl, Lucknow, Department of Chemistry, IIT New Delhi and NPL, New Delhi 
Tredwells standard method was used for determination of sulphur content in 
ligands and complexes. Cu (11), Ni (11) and Co (11) content of the complex was 
determined by gravimetric method as cuprous thiocyanate, Ni-dimethyl 
glyoximate and Co-dithiocyanate respectively as described by Vogel® in his 
authoritature texts. 

i 

The molecular weights of ternary metal complexes were determined by 
Rast method and cryscopic method in DMSO using the following relationship; 

100X W2XKf 

M= 

Wi X AT 

Where 

M = Molecular weight of the compound 

Wi = Weight of the solvent 

W 2 = Weight of the compound (solute) whose M is to be found out. 

AT = Depression in freezing point (in °K) 

Kf = Molal depression constant for DMSO = 4.07 
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The results of elemental analysis legends have been presented in table 

3.01 white their physical measurements appear in table 3 02 

Table 3,03 - 3.08 carry the data obtained for ternary complexes of Cu (II), 
Co(ll) and Ni (ll). The conductivity measurement, in each case, was carried out 
on a Toshniwal digital conductivity meter (L01.10A) with a dip type cell at 29 ± 
20C m 10-3 M solution of DMF on DMSA. 

3.5 Microbial studies 

3.5.1 Introduction 

The action of organic compounds used as ligands and their ternary 
complexes with Cu (ll), Co (ll) and Ni (ll) has been investigated. . 

In terms of microbial, studies, any substances capable of arresting the 
multiplication of pathogens are called ‘static’ while those capable of killing them 
are called ‘cidal’. In fact, in general, most if not all, ‘static’ substances’ become 
‘cidal’ if concentration and/or time of exposure to substance is enhanced. 

On the formation of neutral complexes such as those prepared during the 
present investigations, the microbial activity of the ligand appears to register an 
increase probably due to the greater liposolubility of the complex. Presumably, 
the presence of metal ion facilitates the migration of ligand across the cell 
membranes. If not, the metal itself must possess toxic characteristics. In the 
latter case, the coordinated ligand acts as a carrier across the membranes. 


A number of chelates of metals such as copper, cobalt, nickel, iron, 
manganese, magnessium, zinc and gold are found in the biological systems. N, 



TABLE - 3.01 


ELEMENT ANALYSIS RESULTS OF SYNTHESIZED ORGANIC LIGANDS. 


T 

Ligand 

7o Analysis founds /(Calculated) 

c 

_ - 

H 1 

N 

S 

HBAA 

78.03/(77.36) 

5.15/(5.12) 

6.59 / (6.26) 1 

11 83/(11 05) i 

I HBAT 

I 

67.01 / (68,12) 

5.02 / (4.85) 

- — i 

6.75/(6.11) 

13,90/(14.00) i 

1 

r 

I DPDC 

■ 64.78/(65.37) 

4.10/(4.32) 

5.15/(5,45) 

i ■ ' 

i : 

DTSA 

55.09/ (54.84) 

3.82 / (3.30) 

- 

t — < 

j 21.08/(20.93) 

1 

i 


TABLE -3.02 


PHYSICAL MEASUREMENTS OF SYNTHESIZED ORGANIC LIGANDS. 


Ligand 

Colour 

1 

! 

Melting i Soluble in 
Point °C ■ formula 

Molecular 

Molecular Weight 
Found (Calculated) 

; HBAA 

Orange-red 

196°C Et&DMF 

CuH,, NO 3 

225 /(217) 

: HBAT 

Dark yellow 

135°C Ac.M.Et&DMF 

C ,3 H,, NSO 

i 

235/(229) 1 

! DPDC 

1 

White 

148°C i A, Ac.Et&GI 

0-14 Hn NO 4 

253/(257) 

I--'- 

1 

! DTSA 

White 

1 287°C : M, Et, Ac, Gl, 

Ci 4 Hto N 3 O 4 

310 /(306) 

L.._ 


1 DMF & DMSO 

1 ^ ■■ , 


I 


(Et- Ethanol, Ac - Acetone, Et- Ether, Gl - propylene glycol, M - Methanol, DMF - dimethyl 
formamide, DMSO - Dimethy sulphoxide) 
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ELEMENTAL ANALYSIS OF COBALT (II) COMPLEXS. 
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PHYSICAL MEASUREMENTS OF NICKEL (II) COMPLEXES. 
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O and S containing metal chelates have been used a bactericide’^ while those 
of gold with sulpha drugs have been investigated’® for the same purpose A 
number of other studies detail the bacteriocidal and fungicidal properties of 
certain organic compounds and metal chelates. • 

Metal complexes of phenanthroline, bipyridine and tetrapyridine have also 
been investigated ^ for their biological activity. These complexes exhibit a 
marked ability to inhibit proliferation of gram +ve and gram -ve bacteria. In these 
complexes, the ligand are strongly bonded to the metal ions. That means the 
complex should remain undissociated. Change of metal in the complex cation 
where B is a ligand such as bipyridine or tetrapyridine and M = Fe 
Os, Co, Zn, In has not effect on its biological activity but if, for example, 
bipyridine is replaced by ethylenediamine, there is a measurable change in 
biological action. We might, therefore, surmise that the complex as a whole and 
not a fragment is participating. Thus, the mode of action must be physical and 
any chemical change is ruled out. 

According to Albert^® the antifungal and antibacterial activity of 8- 
hydroxyqninoline complexes may be attributed to the presence of coordination 
centers for metal-ligand chelate linkage. 

Metal specific antibacterial and antifungal activity has been supported by 
a number of workers 


The microbial activity of schifFs bases is also well studied^®'^’ Similarly, 
ligands and their complexes have been effective for, anti-carcinogenic^ 
anaesthetic, anti-convulsant, anti-tubercular action and anti-microbial 


TO 


• 35-36 -ru . . ' 

properties .The greater activity of metal chelates of thiosemicarbazones 
compared to ligands only has been reported 

The rate of penetration of the ligand complexes on the ligand alone to the 
microbe has been found^ to be directly proportional to the lipid solubility of the 
former. In addition, it has been postulated that there is linear relationship 
between microbial activity and lipophilic character of the biocidal agent. 

Mecallan and Wilcoxon and Somers have studied the fungi- toxicity in 
vitrio of some inorganic ions. 

The vapours of elementary sulphur from sulphur chelates has been held 
responsible for fungicidal action of the latter. The vapuors diffuse in to the spores 
or mycelia of the fungus owing to their solubility in the constituents, probably 
lipids, of the cells. * 

The natural course of hydrogenation / dehydrogenation reaction is 
disturbed due formation of H2S. 

It is this H2S which affects the spores and vitality of the fungus. Fe, Cu, 
Mn, and Zn present in enzymes also bind with sulphur. Consequently the 
metabolism, as a whole, of the fungi is disorganized and affected. 

The comparative study of toxicity of Cu-oxine salicylate and substituted 

— — ^ 

salicylate ternary complex has been carried out by Anjaneyuler and coworkers'^'^. 
It has been theorized that the Cu-ternary complex dissociates to a binary copper- 
oxine complex which exhibits its toxicity towards fungi by combining and blocking 
metal binding sites in enzymes. 


?f 





On the other hand, Block"*® has postulated that the neutral chelates break 
up to free oxine which attaches to metal prosthetic group of the enzyme. 


Studies have also taken place to investigate the effect of synthesized 
complex of heterocyclic N and S containing ligands. 


The present investigations also cover the study of microbial action of 
newly synthesized compounds and a number of metal chelates of the 


aforementioned type on selected bacteria 


Experimental 


The nutrient solution at pH between 6. 5-7.0 was prepared by dissolving 
1.5 g of sodium nitrate, 0.5 g of dipotassium hydrogen phosphate, 0.25 g of 
potassium chloride and 15 g of sucrose in 500 ml of distilled water. 50 ml this 

A 

solution was taken in different conical flasks and 0.35 g of agar agar (7%) was 
added to each one of them. The culture media thus prepared was sterilized for 
about 15 minutes at 15 lbs pressure and 121°C in an autoclave by moist heat 
sterilization method 


25 mg of ligand or ternary complex dissolved in propylene ghycol or DMF 


or DMSO formed the test solution 


Screening for BIOCIDAL ACTION 


Food poisoned technique i.e. agar diffusion method or serial dilution 


method was used for the purpose 



5ml of sample solution was thoroughly shaken with warm culture medium 
at 40 °C to makes up the volume to 50 ml. The resultant solution was transferred 
to two different clean petri-dishes containing a little soil. The petri-dishes were 
inoculated in an inoculation chamber having ultra violet lamp under aseptic 
conditions Blank observations were made to neglect the effect of 

environment. 


All the petri-dishes were placed in an incubator to 32 °C. A 48-hour period 
was fixed for observation on growth of bacteria in petri-dishes. This period for 
fungi was kept at 7 days. 


All the substances were screened at 500 ppm concentration for which 25g 
the substances was dissolved in 50 ml of the culture medium. 


Determination of Minimum Inhibitory Concentration 
(MIC) values 


After establishing the microbial activity of the species at 500 ppm, it was 


considered worthwhile to study their action at lower concentrations to work out 


the MIC values 


The procedure is similar to that followed for 500ppm described in the 


subsection 3.5.3. A stock solution of was prepared by dissolving 50mg of the 


ligand / chelate in 10ml of propylene glycol or DMF. Test solutions corresponding 
to 100, 200, 300,400 ppm were prepared by mixing 1,2,3 and 4 ml respectively 
of the stock solution in hot culture medium at 40 ± 1°C and the volume made up 



The specific fungus or bacteria was introduced by the loop of a platinum 
wire in the petri-dishes for the above set of concentrations. One was careful to 
sterilize the platinum loop by heating it in an oxidizing flame before use for 
inoculation of fungus bacteria. The growth of bacteria and fungus was observed 
for 48-hours and 7 days respectively. The lowest concentration at which the 
fungi / bacteria was not detectible was identified. 


The ligand and complexes were subjected to biological activity on the 
following fungi and bacteria 


Fungi: (i) Aspergillus sydowii 


(ii) Aspergillus flavus 


Yellow green 


(iii) Aspergillus niger 


(iv) Aspergillus fumigativ 


Dark green 


( v) Aspergillus nidulanse 


Green reverse violet 


(vi) Aspergillus terreus 


Brown 


Bacteria; (i) Staphylococcus aurous 


Gram + ve 


(ii) Escherichia coli 


Gram - ve 
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CHAPTER - IV 


TERNARY COMPLEXES OF COPPER (11) 
Results and Discussion 

4.1 Electronic spectra 

From the discussion on electronic spectra in the chapter ll it follows that 
on the basis of splitting of energy levels in a ligand field, it is possible to establish 
assignment of octahedral, square planar and tetrahedral complexes, which have 
been synthesized in the present investigations. 

The electronic spectral data of ternary complexes of copper (ll) is 
summarized in table 4.01 . 

Appearance of a broad asymmetric band is expected for the mixed ligand 
complexes of Copper (ll). In the case of Copper (ll) complexes, distortion f^ahn 


(sellerjl from octahedral symmetry results in further break up of two degenerate 
states viz ^T 2 g into two components in each case. 


Consequently, three spectral bands due to following transition are 


expected 


^A1g (vi) 
’B2g (v2) 

'Eg (V3) 


It has been found that three shoulder bands are discernible in the regions 
of 11510-12026 Cm‘\ 17300-18540 Cm'^ and 26960-27410 Cm'^ for Cu (dipy.) 
(TDAA), Cu (dipy) (TDAA), Cu (dipy) HBAA, Cu (dipy) (IMDA) and Cu (phen.) 
(DTPA) corresponding to transition (a), (b) and (c). One may, therefore, 
conveniently assign distorted octahedral geometry to these complexes 
Furthermore, the lODq, B and p values have also been evaluated. The ratio v^/v, 
in the range 1 .99 - 1 .54 is also in support of distorted copper (11) complexes. The 
p(nephelauxetic ratio) and p% are also suggestive of strong covalent 
contribution in the metal to ligand bond. 

But increase in energy of ^Aig makes is sufficiently close to ^829 and ^Eg 
states. The result is that the three bands overlap due to small energy gap. The 
overlapping is observed as a broad symmetrical band. 

i. 

Such a broad spectral band in the region of 16210-18940 Cm’"' 
corresponds to ^Big ^Aig transition is observed in the case of Cu (dipy) MBA, 
Cu (dipy) DNSA, Cu (dipy) DBSA, Cu (dipy.) HNA, Cu (Phen) MBA Cu (Phen) 
DNSA and Cu (Phen) DBSA complexes. In fact such a band has already been 
reported for square planar CUO 2 N 2 chromophore, It is, therefore, safe to infer 
that all these complexes possess square planar geometry. 

The remaining mixed complexes with Cu (dipy) and Cu (Phen) exhibit a 
single electronic spectral band in the tower region of 13980-16020 Cm'^ due to 
2 ^^ transition. It is clear indication of octahedral geometry of these 

complexes. The assignment of octahedral shape is supported by the calculated 
lODq and LFSE values as given in table 4.Q1 





Cu (dipyllMDA.H^O 








4.2 I.R. Spectra 

4. 2.1. Ternary complexes (dipy)-Cu 



The infrared spectra! frequencies and their provisional assignment in 
ternary complexes of Cu (ll) containing 3,3’- dipyridine as one of the ligands are 
summarized in tables 4.02 to 4.14. A brief comment on some prominent peaks is 
also included in these tables. 

As we discussed in a earlier chapter, noteworthy changes occur in the 
infra red spectra of a free ligand when it gets linked to a metal by co-ordination 
or covalent bond formation. 

In the HBAA, HBAT, DNSA, DBSA and HNA free ligands, the stretching 
and bending vibrations of phenolic -OH group are indicated by spectral bands at 
3450 cm'\ 3250 cm'\ 3490cm'\ 3240cm’\ 3450 cm'^ and moderate bands at 
1365cm'\ 1370cm'^ and 1380cm'\ 1375cm^ respectively. The respective 
ternary complex of these ligands with Cu (II) that yield IR spectra in which these 
bands do not occur. It may safely be concluded that complexation occurs 
through deprotonation of the phenolic-OH group. 

The spectral band due -NH stretching vibration in free IMDA and DPDC is 
observable at 3400cm'\ Its shifting to a lower frequency in the ternary complex . 
to 3360cm'^ and 3370cm'’ leads us to the conclusion that coordination to the 
metal has taken place through N atom of NH. 

Further in the free IMDA and DPDC ligands, a moderate band at 1585 
cm'’ is attributed - N H bending. In fact, it overlaps with the frequency due to the 
aromatic ring. However, when they form ternary complexes, as stated, this 
frequency is lowered. It confirms that nitrogen atom is involved in linkage with Cu 

( 11 ). 


TABLE -4.02 

IR SPECTRAL DATA OF dipy./TDPA LIGANDS AND THEIR COPPER COMPLEX 


1600 (s) 
1585 (m) 


1410 (m) 


1320 (w) 


1170 (w) 


310 (S) 
750 (w) 
740 (w) 

580(w) 
610 (wb) 


TDPA 


2930 (m) 
2850 (s) 
1700 (s) 


1440 (S) 
1415 (m) 


1360 (m) 


1250 (S) 


1050 (w) 


810 (w) 
775 (m) 
760 (w) 


660 (S) 


590 (w) 
525 {m) 


Wave number 
Cu (clipy.)TDPA 

3440 (Sb) 

2920 (m) 

2825 (m) 

1660 (Sb) 

1335 (m) 

1580 (Sb) 

1400 (Sb) 1 

1400 (S) ' 

1345 (w) 

1310 (m) 

1225 (m) 

1160 (w) 
1040(w) 


840 (mb) 


820 (S) 
745 (m) 
750 (w) 


690 (mb) 
650 (S) 
615 (w) 
565 (w) 


500 (m) 
410 (w) 
270 (m) 


(cm) 

Probable assignments 
Coordinated HjO mol 
Asym. CH 2 -S Stretching 
Sym. CH 2 -S Stretching 
asym, C=0 Stretching. 

C = N Stretching (Py .) 
Aromatic C-C multiple band. 
Sym. C= O Stretching. 

CH 2 -S deformation. 

Aromatic C-C multiple band. 
C = O Stretching. 

C - N Stretching (Py.) 
CH 2 -S wag. 

Pyridine ring. 

C - O Stretching. 


OH deformation 


Coordinated H 2 O- mol. 


Out of plane CH bending. 

Out of plane CH bending. 

Out of plane Ch bending. 
Coordinated H 2 O- mol. 

Out of plane CH deformation 
Py. Ring deformation. 

C.S. Stretching. 

COOH wagging mode. 

M - O Stretching. 

M - N Stretching. 

M - S Stretching. 









TABLE -4.03 

IR SPECTRAL DATA OF dipy./MBA LIGANDS AND THEIR COPPER COMPLEX 


Wave number (cm'^) 

Cu (dipy.)MBA Probable assignments 


- 

2590 (w) 

- 

S'H Stretching 

- 

1660 (s) 

1620 (s) 

Asym. C=0 Stretching 

1600 (s) 

- 

1590 (m) 

C=N Stretching (Py .) 

1585 (m) 

1600 (m) 

1585 (s) 

Aromatic C-C multiple band. 

1410 (m) 

1460 (m) 

1470 (m) 

Aromatic C-C multiple band. 

- 

1440 (m) 

1400 (s) 

Sum. C=0 Stretching 

^320 (w) 

- 

1350 (mb) 

C-N Stretching (Py.) 

1170 (w) 

- 

1175 (w) 

Pyridine ring. 

- 

1060 (w) 

1065 (w) 

Benzene breathing. 

- 

1050 (m) 

1040 (m) 

C=0 Stretching 


810 (s) 
750 (w) 
740 (w) 
680 (w) 


920 (b) 
810 (m) 


815 (s) 
755 (wb) 


740 (ms) 
660 (m) 
680 (m) 


655 (w) 


610 (wb) 


570 (m) 
515 (w) 


550 (wb) 


500 (m) 
450 (m) 
340 (m) 


OH deformation. 

Out of plane CH bending. 
Out of plane CH bending. 

I Out of plane CH bending. 
Out of plane CH bending. 
COOH bending. 

Pyridine ring deformation. 
C-S Stretching 
COOH Wagging mode. 
M-O Stretching. 

M-N Stretching. 
Stretching. 


I* 


' k 

n 






TABLE -4.04 

IR SPECTRAL DATA OF dipy./ TDAA LIGANDS AND THEIR COPPER COMPLEX 



1600 (s) 
1585 (m) 
1410 (s) 

1320 (w) 

1170(w) 


TDAA 

2930 (s) 
2850 (s) 
1660 (s) 
1400 (s) 


1410 (m) 


1225 (m) 


Wave number (cm ’} 

Cu (dipy.) TDAA Probable assignments 
3400 (mb) Cotding HjO mot. 

2910 (m) Asym. (CHa-S) Stretching 

2810 (m) Sym (CHa-S) Stretching. 

1610 (s) Asym. {C=0) Stretching, 

1360 (sb) Sym. {C=0) Stretching. 

C=N Stretching (Py.) 

1585 (sh) Aromatic C-C multiple band. 

1415 (sh) Aromatic C-C multiple band. 

1380 (m) CHa-S deformation. 

C-N Stretching. (Py.) 

1205 (m) CHa-S wagging. 

1155 (w) Pyridine ring. 

1 030 (m) C-0 Stretching. 


- 

920 (m) 

- 

OH- deformation. 

- 

> 

* 850 (wb) 

Coordinated HaO mol. 

810(s) 

865 (m) 

830 (s) 

Out of plane CH bending. 

750(w) 

825 (m) 

765 (m) 

Out of plane CH bending. 

740(w) 

780 (w) 

740 (w) 

Out of plane CH bending. 

- 

- 

680 (mb) 

Coordinated HaO mol. 

680(wb) 

I 660 (s) 

675 (m) 

Out of plane CH deformation. 

610(wb) 

I 

600 (w) 

Py. Ring deformation. 

- 

I 570 (m) 

530 (m) 

C-S Stretching. 

- 

t 

i 

500(m) 

M-O Stretching. 

- 

! 

395 (w) 

M-N Stretching. 


, 

300 (m) 

MS Stretching. 







TABLE - 4.05 

IR SPECTRAL DATA OF dipy./DTSA LIGANDS AND THEIR COPPER COMPLEX 

Wave number (cm ’) 



Dipy. 

DTSA 

Cu (dipy.)DTSA 

Probable assignments 


1 — ^ 

i 

1690(3) 

1600 (sb) 

Asym.. C=C Stretching 



1600 (s) 

- 

1550 (m) 

C=N Stretching (Py.) 



1585 (m) 

1580 (m) 

1580 (3h) 

Aromatic C-C multiple band 



1410 (s) 

1460 (m) 

1450 (m) 

Aromatic C-C multiple band 

! 


- 

1415(3) 

1380 (sb) 

Sym. C=0 Stretching. 

^ 


- 

1360 (w) 

1330 (m) 

C-0 Stretching. 



1320 (w) 


1255 (m) 

C-N Stretching. 



1170(3) 


1160 (sh) 

Py. Ring. 

1 

' 

' 

1100 (w) 

1095' (nib) 

Benezene breathing. 



810 (s) 
750 (w) 
740 (s) 

680 (wb) 


610 (wb) 


910 (s) 
800 (m) 
740 (s) 

685 (m) 
655 (m) 


555 (s) 
500 (w) 


OH deformation. 

81 5 (m) Out of plane OH bending. 

750 (s) Out of plane OH bending. 

740 (m) Out of plane CH bending. 

COOH bending, 

675 (m) Out of plane CH bending. 


C-S Stretching 


615 (w) Py. Ring deformation. 

- COOH Wagging mode 

470 (mb) S-S Stretching. 

510 (m) M-0 Stretching. 

470 (w) M-N Stretching. 

340 (m) M-S Stretching. 





TABLE -4.06 


IR SPECTRAL DATA OF dipy./ DTPA LIGANDS AND THEIR COPPER COMPLEX 


■ 


1600 (s) 
1585 (m) 


1410 (s) 


1320 (w) 
1170 (s) 


810 (s) 
750 (w) 
740 (s) 
680 (wb) 

610 (wb) 


DTPA 

2930 (s) 
2850 (m) 
1690 (s) 


1440 (s) 


1410 (s) 


1260 (s) 
1035 (w) 
920 (m) 
810 (m) 


655 (m) 
660 (w) 

550 (m) 
510 (m) 


Wave number (cm ’) 

Cu (dtpy.) DTP A Probable assignments 

2900 (mb) Asym. CHz-S Stretching 

2__ Sym CH 2 -S Stretching 

1640 (sb) Asym. C=0 Stretching 

1590 (sh) C=N Stretching. (Py.) 

1585 (w) Aromatic C-C multiple band 

1410 (sb) Sym C=0 Stretching 

1415 (s) Aromatic C-C multiple band. 


1640 (sb) 
1590 (sh) 
1585 (w) 
1410 (sb) 
1415 (s) 
1380 (sh) 
1290 {m)‘ 
1165(w) 
1240 (w) 
1050 (m) 

815 (s) 

745 (wm) 

650 (w) 
600 (w) 

490 (wb) 
430 (wm) 
390 (m) 
310 (wm) 


CHz-S Deformation. 

C-N Stretching. (Py.) 

Py. ring. 

CH 2 -S Wagging. 

C-0 Stretching. 

OH deformation. 

Out of plane CH bending. 
Out of plane CH bending. 
Out of plane CH bending, 
Out of plane CH bending, 
C-S Stretching. 

Py. Ring deformation. 
COOH Wagging mode 
S-S Stretching. 

M-0 Stretching. 

M-N Stretching. 

MS Stretching. 


1 



TABLE -4.07 


IR SPECTRAL DATA OF dipy./PDA LIGANDS AND THEIR COPPER COMPLEX 




Wave number 

Dipy. 

PDA 

Cu (dipy.) PDA 

Probable assignments 

" 

- 

3460 (sb) 

Coordinated H 2 O mol. 

- 

1700 (s) 

1680 (sb) 

Asym, C=0 Stretching ) 


1600 (s) 

1600 (wm) 

1590 (s) 

C=N Stretching. (Py.) 1 


1585 (m) 

1580 (m) 

1590 (m) 

Aromatic C-C multiple band ' 


1410 (s) 1 

1455 (m) 

1420 (mw) 

Aromatic C-C multiple band ■ 

j- r 

1480 (m) 

1460 (s) 

Sym. C=0 Stretching. i 

- 

1350 (m) 

1300 (m) 

C-0 Stretching. 


1320 (w) 

1310 (m) 

1260 (w) 

C-N Stretching. (Py.) 


- 

1265 (m) 

1230 (m) 

C-N Stretching. (Py.) | 


1170 (s) 

1170 (m) 

1160 (w) 

Py. ring. | 


- 

1035 (s) 

1050 (w) 

C-0 Stretching. 


- 

910 (s) 

- 

OH deformation. 

- 


860 (mb) 

Coordinated HjO mol. 

I 

810 (s) 

850 (w) 

830 (m) 

Out of plane CH bending. 


750 (w) 

745 (m) 

760(mb) 

Out of plane CH bending. 


740 (s) 

- 

735 (sh) 

Out of plane CH bending. 


- 

690 (m) 

- 

COOH Wagging mode. 


- 

^ . 

685 (mb) 

Coordinated H 2 O mol. 

.4 

i 680 (wb) 

' 650 (m) 

680 (wm) 

Out of plane CH bending. 

1 

-j 

1 610 (wb) 

600 (m) 

600 (w) 

Py. ring deformation. i 

- 

I 520 (s) 

- 

COOH Wagging mode. 

- 

"-4“ """ — ” 

1 

450 (mb) 

M-0 Stretching. 

1 

_j 

- 

~ f— •""■■■" 

j 

380 (wm) 

M-N Stretching. | 



TABLE -4.68 

IR SPECTRAL DATA OF dipyj HBAA LIGANDS AND THEIR Co|^r COMPLEX 




Hi 


H 




H 


1600 (s) 
1585 (m) 
1410 (s) 


1320 (w) 


1170 (s) 


HBAA 

3450 (sb) 
1640 (s) 
1700 (s) 

1580 (m) 

1400 (m) 
1370 (m) 

1365 (m) 
1175 (m) 

1080 (w) 


Wave number 

Cu (dipy.) HBAA Probable assignments 
3400 (b) Coordinated HjO mol 

OH phenolic Stretching 

1620 (s) C=N Stretching. (Azomethtne) 

1640 (s) Asym. C=0 Stretching. 

1 560 (s) C=N Stretching. (Py.) 

1 585 (sh) Aromatic C=C multiple band. 

1410 (m) Aromatic C=C multiple band 

1 390 (s) Sym. C=0 Stretching. 

1 350 (m) C-0 Stretching. 

1310 (mw) C-N Stretching. (Py . ) 

OH phenolic bending. 

1 170 (mw) Phenolic CO Stretching. 

1165{w) Py. ring 

1 070 (w) Benzene breathing. 


- 

930 (w) 

- 

Oh deformation. 

- 

- 

845 (wb) 

Coordinated H 2 O mol. 

810 (s) 

810 (m) 

815 (s) 

Out of plane CH bending. 

750 (w) 

755 (s) 

750 (sb) 

Out of plane CH bending. 

740 (s) 

- 

740 (w) 

Out of plane CH bending. 


690 (w) 

- 

COOH bending. 

- 

675 (m) 

690 (mb) 

Coordinated H 2 O mol. 

680 (wb) 

- 

680 (wm) 

Out of plane CH deformation 

610 (wb) 

570 (m) 

590 (w) 

Py. ring deformation. 

- 

i 570 (wb) 1 

- 

COOH Wagging mode. 

- 

i , 

480 (wm) 

M-O Stretching. 

_ 

! 

350 (m) 

M-N Stretching. 



t 


TABLE -4.09 

IR SPECTRAL DATA OF dipyj HBAT LIGANDS AND THEIR Copper COMPLEX 

Wave number (cm'’) 


Dipy. 

HBAT 

Cu (dipy.) HBAT 

Probable assignments 

- 

- 

3490 (mb) 

Coordinated HjO mol 

- 

3250 (w) 

- 

OH phenolic Stretching 

- 

2550 (w) 

- 

S-H Stretching. 

- 

1635 (s) 

1605 (m) 

C=N Stretching (Azomethine) 

1600 (s) 

- 

1 540 (w) 

C=N Stretching. (Py.) 

1585 (m) 

1580 (m) 

1590 (s) 

Aromatic C-C multiple band. 

1410 (s) 

1440 (s) 

1450 (mw) 

Aromatic C-C multiple band. 

- 

1360 (m) 

- 

1 C-H phenolic bending. 

Tzio (w) 

~ 

1310 (m) 

Sym. C=0 Stretching. 

- 

1175 (w) 

1120 (m) 

C-0 Stretching. 

1170 (s) 

- 

1160 (wm) 

C-N Stretching. (Py.) 

_ 

960 (w) 

965 (w) 

OH phenolic bending. 


840 (mb) Phenolic CO Stretching. 


Py. ring 


Benzene breathing 


740 (s) 

. - 

735 (m) 

Oh deformation. 

680 (wb) 

695 (w) 

690 (s) 

Coordinated H 2 O mol. 

- 

- 

685 (m) 

Out of plane CH bending. 

- 

660 (w) 

630 (m) 

Out of plane CH bending . 

610 (wb) 


600 (wm) 

Out of plane CH bending . 

- 

- 

450 (wm) 

COOH bending. 

- 

- 

400(m) 

Coordina^^^ ^^0 



345 (w) 

1 Out of plane CH deformation 

Py. ring deformation. 

COOH Wagging mode. 

~ M-0 Stretching. 

” M-N Stretching. 


■ 




TABLE -4.10 


IR SPECTRAL DATA OF dipy./ DNSA U6ANDS AND THEIR Copper COMPLEX 

Wave number (cm'^) 


1585 (m) 
1600 (s) 


1410 (s) 


1320 (w) 


1170 (w) 


810 (s) 
750 (w) 
740 (s) 
680 (wb) 

610 (wb) 


DNSA 

Cu (dIpy.) DNSA 1 

Pmbable assignments 

3490 (m) 

f 

OH phenolic Stretching 

1660 (s) 

1620 (sb) 

Asym. C=0 Stretching 

1600 (m) 

1580 (m) 

Aromatic C-C multiple band 


1560 (s) 

C=N Stretching (Py ) 

1530 (s) 

1530 (s) 

Aromatic NO 2 group. 

1440 (m) 

1380 (s) 

Sym. C=0 Stretching 

- 

1410 (m) 

Aromatic C-C multiple band 

1380 (m) 

1 360 (mw) 

C-0 Stretching. 

1370 (m) 

- 

OH phenolic bending 

1330 (m) 

1310 (s) 

C-N Stretching. 

1255 (s) 

1265 (m) 

C-N Stretching. 

1170 (w) 

1160 (m) 

Phenolic CO Stretching. 

- 

1165 (s) 

Py. ring 

1100(w) 

1090 (w) 

Benzene breathing. 

1050 (w) 

. 1060 (wb) 

C-0 Stretching. 

950 (w) 

960 (wm) 

Benzene breathing. 

930 (m) 

- 

OH deformation. 

850 (mb) 

820 (s) 

Out of plane CH bending. 

740 (s) 

745 (m) 

Out of plane CH bending. 

— 


720 9nn) 710 (m) Out of plane CH bending. 

685 (m) ^ j COOH bending. 

- 620 (m) Py. Ring deformation. 

515 (wb) COOH wagging mode. 

- 370 (m) M-0 Stretching. 

- n 320 (m) j M-N Stretching. 



table - 4.11 







■ 




IR SPECTRAL DATA OF 


DBSA 


1600 (s) 
1585 (m) 
1410 (s) 


1320 (w) 


1170 (w) 


810 (s) 

750 (w) 
740 (s) 
680 (wb) 


610 (wb) 


3240 (m) 
1670 (sb) 

1590 (m) 

1420 (m) 
1380 (mb) 
1350 (w) 

1180 (w) 

1100(w) 
910 (w) 
800(mb) 

780(w) 

710 (m) 
660 wb) 
685 (w) 

600 (m) 
550(w) 
470 (s) 


dipy./ DBSA LIGANDS AND THEIR Copper COMPLEX 
Wav e number (cm‘^) 

Cu (dipy.) DBSA Probable assignments 
~ OH phenolic Stretching 

1620 (s) Asym. C=0 Stretching 

'>560 (s) C=N Stretching. (Py ) 

1600 (m) Aromatic C-C multiple band 

1410 (m) Aromatic C-C multiple band 

1475 (sb) Sym. C=0 Stretching. 

- OH phenolic bending. 

1340(m) C-O Stretching. 

1290 (m) C-N Stretching. 

1130(w) Phenolic CO Stretching 

1180{w) 

1095 (w) 


1 1 80 (w) Py, ring 

1095 (w) Benzene breathing. 

OH deformation. 

870 (mb) Out of plane CH bending, 
810 (s) 

750 (s) Out of plane CH bending. 

740 (m) Out of plane CH bending , 

700(wb) Out of plane CH bending. 

660(wb) Out of plane CH bending , 

COOH bending. 

640 (m) Py. Ring deformation. 

605 (m) C-8r, Stretchig. 

- COOH wagging mode, 

475(m) C-Br. Stretching. 

440 (m) M-0 Stretching. 

370(m) M-N Stretching. 



i 





TABLE -4.12 

IR SPECTRAL DATA OF dipy./ HNA LIGANDS AND THEIR Copper COMPLEX 


Wave number (cm ’) 


oTpy. 

HNA 

Cu (dlpy.)HNA 1 

Probable assignments , 

- 

3450 (w) 

1 

OH phenolic Stretching 

- 

1670 (sb) 

1620 (s) 

Asym. C=0 Stretching 

1600 (s) 


1610 (s) 

C=N Stretching. (Py.) 

1585 (m) 

1585 (m) 

1590 (sb) 

Aromatic C-C multiple band 

- 

1480 (mb) 

1440 (sb) 

Sym. C=0 Stretching, 

1410 (s) 

- 

1410 (s) 

— “ ■" i 

Aromatic C-C multiple band j 

- 

1380 (m) 

1340 (m) 

C-O Stretching. ] 

- 

1375 (mb) 

- 

OH phenolic bending. S 

^320 (w) 


1 30 (mw) 

C-N Stretching. i 

- 

1170 (m) 

1210 (w) 

Phenolic CO Stretching. j 


1170 (w) 

- 

1160 (m) 

Py. nng j 


- 

1100 (w) 

1095 (w) 

Benzene breathing. | 


- 

1040 (w) 

1030 (w) 

C-O Stretching. 


- 

910 (w) 

- 

OH deformation. 


810 (s) 

800 (m) 

‘ 815 (s) 

Out of plane CH bending. ' 


750 (w) 

760 (w) 

770 (m) 

Out of plane CH bending. 


740 (s) 

- 

740 (w) 

Out of plane CH bending. 


- 

685 (w) 


COOH bending. 

1 

680 (wb) 

i 660 (m) 

650 (m) 

Out of plane CH deformation. 

"1 

..610 (wb) 

-i— , - 

! 

i 

635 (w) 

py. Ring deformation. 

1 

j 

- 

1 550 (m) 

i 

- 

COOH wagging mode. | 

- 



1 ■* ■ 

440 (wm) 

M-O Stretching. 1 

^ — — 1 

- 

™1 

! 

380 (m) 

M-N Stretching. 1 





■I 


■i 

^■1 


i* 


Bb 


M 




TABLE -4.13 

IR SPECTRAL DATA OF dipy./ IMtDA LIGANDS A1«> THEIR Copper COMPLEX 

Wave number (cm ’) 


810 (s) 
750 (w) 
740 (s) 

680 (wb) 
610 (wb) 


Dipy. 

INIDA 

Cu (dipy.) IMDA 

Probable assignments 

- 

- 

3470 (mb) 

Cojrdinated H 2 O mol 

- 

3400 (s) 

3360 (m) 

N-H Stretching. 

- 

1690 (sb) 

1640 (sb) 

Asym. C=0 Stretching 

1600 (s) 

- 

1585 (sb) 

C=N Stretching. (Py.) 

T585 (m) 

- 

1580 (m) 

Aronnatic C-C multiple band 

- 

1585 (mb) 

1370 (m) 

N-H Bending. 

- 

1400 (mb) 

1380(s) 

Sym. C=0 Stretching. 

1410 (S) 

- 

1415 (m) 

Aromatic C-C multiple band 

- 

1385 (mb) 


C-0 Stretching. 

1320 (w) 

1310 (w) ' 

1300 (s) 

C-N Stretching. 

- 

1250 (wb) 

1210 (m) 

C-N Stretching. 

1170 (w) 

- 

1160(w) 

Py. ring 

- 

1060 (w) 

1040 (m) 

C-O Stretching. 


930 (m) 
850 (m) 

680 (s) 

565 (m) 
550 (s) 


830 (m) 


735 (m) 
680 (mb) 
685 (w) 
640 (m) 


410 (m) 
320 (m) 


OH deformation. 

Coordinated H 2 O mol. 

^ Out of plane CH bending. 

Out of plane CH bending. 

Out of plane CH bending. 
Coordinated H 2 O mol. 

Out of plane CH deformation. 
Py. Ring deformation. 

COOH Wagging Mode, 
COOH Wagging Mode. 

M-O Stretching. 

M-N Stretching. 




^ s . 7 i i 







I 


■i 


I 


TABLE -4.14 

IR SPECTRAL DATA OF dipy./ DPDC LIGANDS AND THEIR Copper COMPLEX 

Wave number (cm ’) 


Dipy. 

DPDC 

Cu (dipy.) DPDC 

Probable assignments 

- 

- 

3480 (mb) 

C<x>rdinated HaO mol 

- 

3400 (w) 

3370 (w) 

N-H Stretching. 

- 

1660 (s) 

1610 (s) 

Asym C=0 Stretching 

1600 (s) 

- 

1575(s) 

C=N Stretching. (Py.) 

1585 (m) 

1580 (m) 

- 

Aromatic C-C multiple band. 

- 

1585 (m) 

1560 (s) 

N-H Bending. 

1410 (S) 

1450 (m) 

1555 (s) 

Aromatic C-C multiple band 

- 

1440 (m) 

1420(sb) 

Sym. C=0 Stretching. 

- 

1345 (s) 

1320 (w) 

C-O Stretching. 

1 320 (w) 

1310 (m) 

1285 (w) 

C-N Stretching. 

- 

1275 (w) 

1230 (m) 

C-N Stretching. 

1170 (w) 

- 

1165 (m) 

Py. ring 


1075 (m) 

1075 (w) 

Benzen breathing. 


920 (s) 

> 

OH deformation. 


810 (s) 
750 (w) 
740 (s) 
680 (wb) 


610 (wb) 


810 (m) 
785 (m) 
740 (s) 
710 (m) 

650 (m) 
680 (m) 


550 (m) 



860 (mb) 
815 (s) 
765 (s) 
730 (w) 
715 (wb) 
680 (mb) 
660 (w) 

630 (mb) 

470 (m) 
400 (m) 


Coordinated H 2 O mol. 

Out of plane CH bending. 
Out of plane CH bending. 
Out of plane CH bending. 
Out of plane CH bending. 
Coordinated H 2 O mol. 
Coordinated H 2 O mot. 
COOH bending. 

I Py. Ring deformation. 
COOH wagging mode. 
M-0 Stretching. 

M-N Stretching. 










^11 
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In free TDPA, TDAP and DTPA frequencies in the region of 2930 cm ’ to 
and 2850cm are observed due to asymmetric and symmetric CHj-S stretching 
vibration. In the complexes with Cu (ll) (dipy), both frequencies shift to a lower 
region Hence, the metal must have linked to ligand through S of CH 2 S group. 

The free MBA and HBAT exhibit weak spectral bands at 2550cm'’ and 
2590 cm ’ respectively due to stretching of — SH group. However, the 
frequencies disappear in complexation with Cu (dipy). - SH group is 
deprotonated to form a Cu (ll) to MBA on HBAT bond respectively. 

The VC = N of azomethine group in HBA and HBAAT manifests as sharp 
spectral bands at 1640cm'’ and 1635 cm"’ respectively. However, on ternary 
complex formation, as described, the frequencies are lowered by 20-50cm'’. The 
lowering of frequency is attributed to the coordination of the ligand to Cu(ll) 
through nitrogen of a zomethine group as noted by earlier investigators. 

The v’c = N vibration of pyridyl group in dipy and PDA occurs as moderate 
spectral band in the region of 1600 cm’’. In the case of Cu (dipy) PDA and Cu 
(dipy) HNA, these are shifted to higher frequencies by about 15cm'’. In other 
complexes, there is a shift 10-75 cm*’ in the lower direction. This relocation vc = n 
frequency in indication of participation of N of pyridine in complex. 

The C-H bending and deformation bands at 850-620cm'’ and ring system 
band at 1150-1000 cm'’ have been observed in all the cases. 



Weak moderate bands at 59P free TDPA and DTSA), at 570 cm 

(for free MBA and TDAA) and at 660cm^’ (for DTPA and HBAT) are attributed to 



C-S vibrations. These vibrations are shifted to a lower frequency region by a 
margin of 10-40 cm^ in the Cu (II) (dipy). complexes. It establishes that 
coordination has taken place through S of the C-S group. 


Vibrations due S-S stretching are observed as spectral bands at 500 - 510 
cm ^ for free DTSA and DTPA respectively. These frequencies too undergo a 
negative shift by 10-30 cmV This is further confirmation that coordination has 
occurred via that S atom. Finally the appearence of bands corresponding vcu-o. 
vcu-N snd v’cu-s in regions around 440cm’\ 350cm'^ and 400 cm'^ respectively 
makes it obvious that ternary complexes do contain Cu-0, Cu-N and Cu-S 


linkages 


A broad band in the region 3280-3500 cm’'' in Cu (dipy.) ternary 


complexes with TDPA, TDAA, PDA, HBAA, HBAT and DPDC is attributed to the 


stretching frequency of 0-H of the coordinated water. In these complexes 


moderate bands in the region 820-860 cm and 680-690cm' are also 


discernible. It may be attributed to rocking and bending vibrations of 0-H as 


observed by Nakamoto". Further, negligible loss in weight of these complexes 


when heated, in the range of 120 - 180°C reinforces the finding that water 


molecules are coordinated to the centra! metal copper (II) 


On the other hand, the ternary complexes of Cu(dipy) with DTPA, 
although contains water indicated by a broad absolution band at 3450 cm’^ does 
not have it in coordinated form^^ as it was not possible to locate a band due to 
binding and rocking vibration in tie r^ion 840 ± lOan'’. 


4.2.2 Ternary complexes with Cu (phen) 

The important infrared frequencies of the ligands and Cu (II)- (phen.) 1:1:1 
ternary complexes have been summarized in table 4.15 to 4.22. The tables also 
include tentative comments about the assignment of some bands. It would be in 
place to discuss some prominent peaks vital from the point of view of 
establishment of structure and bonding in the ternary complexes under 
investigation. Obviously a 4,7-dimethyl-1,10-phenanthroline (phen.) is a common 
ligand in all these complexes of copper (II). As in the case of Cu (II) (dipy) 
complexes with the other ligands, significant shifting of the peaks of ligands is 
discernible when they form complexes under study. 

Two sets of moderate bands at 3450cm'\ 3250cm’\ 3490cm‘\ 3240cm'’ 
and 1365cm'\ 1360cm'’ 1370cm'’ and 1380 cm'’ are attributed to stretching and 

i' 

bending frequencies of phenolic -OH group present in HBAA, HBAT, DNSA and 
DBSA respectively. But in the corresponding 1:1:1 complexes, these bands 
disappear leading us to the conclusion the Cu(ll) - ligand bond has occurred by 
displacement of proton from OH group to form Cu (ll)-O-C bond. 

The asymmetric and symmetric stretching vibration in CH 2 -S group 
manifests it self as infrared spectral bands at 2930 cm'’ and 2850cm'’ for DTPA. 
In the corresponding Cu (It) (Phen) (DTPA) ternary complex, a lowering in 
frequency m the range of 40 cm'’ is observed for both the bands. It may be 
therefore, concluded that S atom of CH 2 -S group of DTPA coordinates directly 




with copper (It). 


TABLE -4.15 


IR SPECTRAL DATA OF dipy./ MBA LIGANDS AND THEIR Copper COMPLEX 




Wave number (cm '') j 

Dipy. 

MBA 

Cu (dipy.) MBA 

Probable assignments 

- 

- 

- 

Coordinated H 2 O mol. 

- 

2590 (m) 

- 

S-H Stretching. 

- 

1690 (s) 

1580 (s) 

Asym. C=0 Stretching. 

1670 (m) 

1600 (m) 

1560 (s) 

Aromatic C-C multiple band. 

1600 (s) 

- 

1525 (m) 

C=N Stretching. (Py.) 

1500 (m) 

1450 (m) 

1430 (m) 

Aromatic C-C multiple band. 

- 

1420 (m) 

1380 (s) 

Sym. C=0 Stretching. 

1340 (s) 


1 355 (w) 

C-N Stretching. (Py.) 

1250 (s) 

- 

1160 (m) 

C-N Stretching. (Py.) 

1165 (w) 

1 ' 

1140 (m) 

Py. ring 

1060 (w) 

1060 (w) 

- 

Benzene breathing. 


1 050 (w) 

1035 (m) 

C-O Stretching. 

- 

930 (m) 

- 

0-H Stretching. 

- 

- 

- 

Coordinated H 2 O mol. 

800 (s) 

910 (m) 

* 820 (s) 

Out of plane CH bending. 

700 (w) 

740 (ms) 

740 (m) 

Out of plane CH bending. 

- 

; 

- 

Coordinated H 2 O mol. 

665 (w) 

660 (m) 

680 (w) 

Out of plane CH bending. 

" 

680 (m) 


COOH bending. 

630 (w) 

- 

620 (w) 

Py. Ring deformation. 

- 

■ 570 (m) 

565 (m) 

C-S Stretching. 

- 

520 (w) 

■ : 

COOH wagging mode. 


- 

410 (w) 

M-0 Stretching. 

- 

- 

330 (m) 

M-N Stretching. 

■* 


280 (w) 

M-S Stretching. 




TABLE -4.16 



IR SPECTRAL DATA OF pherr./ DTSA UGANDS AND THEIR Copper COMPLEX 



Wave number (cm ”') j 

’ ^Dipy. 

DTSA 

Cu (dipy.) DTSA 

Probable assignments | 

- 

1680 (s) 

1600 (s) 

Asym. C=0 Stretching. i 

1670 (m) 

1600 (m) 

1580 (m) 

Aromatic C-C multiple band. | 

1600 (s) 

- 

1540(m) 

C=N Stretching. (Py.) 

1500 (m) 

1480 (m) 

1480(m) 

Aromatic C-C multiple band. 

- 

1415 (s) 

1 385 (w) 

Asym. C=0 Stretching. 

- 

1360 (m) 

- 

C-0 Stretching. 

1340 (S) 


- 

C-N Stretching. (Py.) 

1250 (s) 


1220 (s) 

C-N Stretching. (Py.) 

1165 (w) 


1140 (m) 

Py. ring ; 

1060 (w) 

1100{w) 

1100 (s) 

— ^ -i 

Benzene breathing. i 

"”^00 (s) 

920 (s) 

- 

OH deformation. 

700 (w) 

790 (m) 

790 (w) 

Out of plane CH bending. 

- 

730 (s) 

740 (w) 

Out of plane CH bending. 

665 (w) 

680 (m) 

- 

COOH bending. 

- 

650 (m) 

‘ 660 (mb) 

Out of plane CH deformation. 

630 (w) 

1 650 (m) 

625 (w) 

C-S Stretching. 

- 

1 

620 (s) 

Py. Ring deformation. 

- 

i 555 (s) 

- 

COOH wagging, mode. 

• 

500 (w) 

^ 460 (w) 

S-S Stretching. 

- 

- 

1 420 (wb) 

M-0 Stretching. 

- 

- 

325 (w) 

M-N Stretching. 

i 

- 

290 (m) 

M-S Stretching. : 












TABLE -4.17 

IR SPECTRAL DATA OF phen./ DTPA LIGANDS AND THEIR Copper COMPLEX 

Wave number (cm"’) 


Dipy. 

DTPA 

Cu (dipy.)DTPA 

Probable assignments 

- 

2930 (s) 

2890 (m) 

Asym. CHa-S Stretching. 

- 

2850 (s) 

2810 (w) 

Sym. CHa-S Stretching. 

- 

1700 (s) 

1640 (s) 

Asym. C=0 Stretchmg. 

1670 (m) 

- 

1675 (w) 

Aromatic C-C multiple band. 

"1^0 (s) 

- 

1520 (m) 

C=N Stretching, (Py .} 

1500 (m) 


1500(w) 

Aromatic C-C multiple band. 

- 

1420 (s) 

1410(s) 

Sym. C-O Stretching. 

- 

1410 (s) 

■ 1440(8) 

CHa-S deformation. 

- 

1365 (m) 

1330 (m) 

C-O Stretching. 

1340 (s) 

- 

1290 (m) 

C-N Stretching (Py.) 

- 

1260 (s) 

1220 (m) 

CHa-S Wagging. 

1250 (s) 

- 

- 

C-N Stretching. (Py.) 

1165 (w) 

- 

1160 (m) 

Py. ring 

1060 (w) 

- 

1060 (w) 

Benzene breathing. 

- 

1035 (w) 

‘ 1000 (w) 

G-O Stretching. 

- 

930 (s) 

- 

OH deformation. 

800 (S) 

790 (m) 

840 (m) 

Out of plane CH bending. 

700 (w) 

- 

770 (w) 

Out of plane CH bending. 

665 (w) 

650 (m) 

660 (w) 

Out of plane CH deformation 

- 

660 (w) 

640 (m) 

C-S Stretching. 

630 (w) 

} 

620 (wb) 

Py. Ring deformation. 


550 (m) 
510 (m) 



- COOH wagging, mode. 

480 (mb) S-S Stretching. 

390 (m) M-0 Stretching. 

340 (m) M-N Stretching. 

300(w) M-S Stretching. 








TABLE - 4.18 

IR SPECTRAL DATA OF phen./ PDA LIGANDS AND THEIR Copper COMPLEX 


Dipy. 

PDA 

Cu (dIpy.) PDA 

Probable assignments 

- 


3460 (sb) 

Coordinated H 2 O mol. 

- 

1700 (s) 

1670 (s) 

Asym. C=0 Stretching. 

1670 (m) 

1580 (m) 

1600 (m) 

Aromatic C-G multiple band. 

1600 (s) 

1600 (s) 

1580(m) 

C=N Stretching. (Py.) 

1500 (m) 

1460 (m) 

1440 (m) 

Aromatic C-C multiple band, 

- 

1420 (m) 

1370(s) 

Sym. C=0 Stretching. 

- 

1350 (s) 

1300 (w) 

C-0 Stretching. 

1340 (s) 

1310 (s) 

1290 (w) 

C-N Stretching (Py.) 

1250 (s) 

1265 (s) 

1200 (m) 

C'N Stretching (Py.) 

1165(w) 

1165 (m) 

1150(m) 

Py. ring 

1 060 (w) 

- 

1070 (m) 

Benzene breathing. 

- 

1035 {m) 

1030 (w) 

C-0 Stretching. 

- 

930 (m) 

- 

OH Stretching. 

- 

- 

- 

Coordinated H 2 O mol. 

800 (s) 

800 (s) 

‘ 790 (m) 

Out of plane CH bending. 

700 (w) 

740 (w) 

750 (w) 

Out of plane CH bending. 

- 

690 (m) 

- 

CHOO bending. 

- 

1 ■ 

685 (m) 

Coordinated H 2 O mol. 

665 (w) 

650 (m) 

670 (w) 

Out of plane CH deformation. 

630 (w) 

600 (m) 

625 (wb) 

Py. Ring deformation. 

- 

1 520 (s) 


COOH wagging mode. 

- 

i__, 

450 (m) 

M-0 Stretching. 

- 

i 

1 ■ 

330 (w) 

M-N Stretching. 




iU 

t 

■ ! 
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h 
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table -4.19 


IR SPECTRAL DATA OF phen./ HBAA LIGANDS AND THEIR Copper COMPLEX 




Wave number {cm' 


1 

Dipy. 

HBAA 

Cu (dipy.) HBAA 

Probable assignments 

- 

” 

3460 (mb) 

Coordinated H 2 O mol. 

- 

3450 (w) 

- 

OH phenolic Stretching, 

1670 (m) 

- 

- 

Aromatic C-C multiple band. 

- 

1640 (s) 

1600 (s) 

C=N' stretching. (Py.) 


1620 (s) 

1560 (s) 

Asym. C=0 Stretching. i 

1600 (s) 

- 

1540 (s) 

C=N Stretching. 

1500 (m) 

1580 (m) 

1505(m) 

Aromatic C-C multiple band. 

- 

1400 (m) 

1360 (s) 

Sym. C=0 Stretching. 

- 

1370(w) 

1345 (sb) 

C-0 Stretching. 

- 

1365 (m) 

- 

OH phenolic bending. 

1340 (s) 

- 

1310 (sb) 

C-N Stretching (Py.) 

1250 (s) 

- 

1230 (w) 

C-N Stretching (Py.) 



1140 (m) 

Phenolic CO Stretching. 

1165 (w) 

1175(w) 

1170 (\w) 

Py. ring 

1060 (w) 

- 

* 1050 (w) 

Benzene breathing. 

- 

1070 (w) 


OH deformation. 


925 (w) 

845 (m) 

Coordinated H 2 O mol. 

800 (s) 


810 (wb) 

Out of plane CH bending. 

700 (w) 

1 810 (m) 

750 (mb) 

Out of plane CH bending. 

- 

! 755 (s) 

690 (w) 

— 1 

Coordinated H 2 O mol. 

- 

i 

- ■ , 

CHOO bending. 

665 (w) 

690 (w) 

665 (w) 

Out of plane CH deformation. 

630 (w) 

675 (m) 

620 (m) 

Py. Ring deformation. 

- 

I : , - 


COOH wagging mode. 

- 

570 (wb) 

440 (w) 

M-0 Stretching. 


325 (m) 

M-N Stretching, 

- ' — ^ : 


103 




TABLE -4.20 


IR SPECTRAL DATA OF phen./ HBAT LIGANDS AND THEIR Copper COMPLEX 


HBAT 


1670 (m) 


1600 (s) 
1500 (m) 



1340 (s) 
1250 (s) 

1165 (w) 
1060 (w) 


800 (s) 


700 (w) 


665 (w) 


630 (w) 


3250 (m) 
2550 (w) 

1640 (s) 

1580 (m) 
1440 (s) 
1360 (m) 

1170 (w) 
960 (m) 


850 (w) 




740 (s) 

690 (m) 
660 (w) 


Wave number (cm‘ 
Cu (dipy.) HBAT 

3450 (mb) 


1600 (s) 
1610(3) 
1540 (s) 
~1560 (s) 
1445 (w) 

”l 310 (w) 
1230 (m) 
1140 (w) 
1160(m) 


840 (m) 


810 (mb) 


730 (s) 
685 (wb) 
675 (w) 
635 (m) 
620 (w) 
460 (w) 
390 (m) 
340 (m) 


Probable assignments 

Coordinated H 2 O mol. 

OH phenolic Stretching. 

S-H Stretching. 

Aromatic C-C multiple band. 
C=N Stretching. (Azomethine.) 
C=N Stretching. (Py.) 

Aromatic C-C multiple band. 
Aromatic C.C multiple band. 
OH phenolic bending. 

C-N Stretching (Py.) 

C-N Stretching (Py.) 

Phenolic CO Stretching. 

Py. ring 

Benzene breathing. 


Out of plane CH bending. 


Coordinated H 2 O mol. 


Out of plane CH bending. 
Coordinated H 2 O mol. 

Out of plane CH deformation. 
C-S Stretching. 

Py. Ring deformation. 

M-O Stretching. 

M-N Stretching. 

M-S Stretching. 




TABLE -4.21 


IR SPECTRAL DATA OF phen./ DNSA LIGANDS AND THEIR Copper COMPLEX 




Wave number (cm’’) | 

Dipy. 

DNSA 

Cu (dipy.) DNSA 

Probable assignments 

- 

- 

- 

Coordinated HjO mol 

- 

3490 (m) 

- 

OH phenolic Stretching. ! 

- 

1680 (s) 

1610 (s) 

Asym. C=0 Stretching. ! 

1670 (m) 

1600 (m) 

1600 (s) 

Aromatic C-C multiple band. 

1600 (s) 

- 

1560(s) 

C=N Stretching. 

1500 (m) 

- 

1490 (s) 

Aromatic C-C multiple band. 

- 

1470 (s) 

1450 (s) 

Sym. C=0 Stretching, 

- 

1380 (m) 

1350 (sb) 

C-0 stretching. 

- 

1370 (m) 


OH phenolic Stretching 

1340 (s) 

1330 (m) 

1320 (s) 

C-N Stretching (Py.) 

1250 (s) 

1255(b) 

1185 (m) 

C-N stretching (Py.) 


1175 (w) 

1100 (m) 

Phenolic CO Stretching. 

1165 (w) 

- 

1155 (w) 

Py. ring 

1060 (w) 

1090 (w) 


Benzene breathing. 

- 

1050 (w) 

‘ 1000 (w) 

C-0 Stretching. 

- 

960 (w) 

970 (w) 

Benzene breathing, 

- 

930 (w) 

- 

OH deformation. 


- 

- 

Coordinated H 2 O moi. 

800 (s) 

840 (m) 

820 (m) 

Out of plane CH bending. 

700 (w) 

730 (m) 

- 

Out of plane CH bending. 

665 (w) 

I 715 (mb) 

710 (m) 

Out of plane CH deformation, 

630 (w) 

} 680 (s) 

680 (m) 

Py. Ring deformation. 

- 

t ■ 

- 

Coordinated H 2 O mol. 

- 

515 (mb) 

- 

COOH wagging mode. 

- 

- 

400 (m) 

M-0 Stretching. 


- 

380 (m) 

M-N Stretching. 





I 

'I 



TABLE-4J22 

IR SPECTRAL DATA OF phen./ DBSA LIGANDS AND THEIR Copper COMPLEX 
Wave number (cm'^) ~~ " 


DBSA 


3240 (w) 



630 (w) 


600 (m) 
690 (m) 

600 (m) 
550 (w) 
470 (s) 


Cu (dipy.) DBSA 



1670 (sb) 

1585 (s) 

1670 (m) 

1600 (m) 

1600 (m) 

1600 (s) 

- 

1540 (s) 

1500 (m) 



- 

1420 (mb) 

1450 (sb) 

- 

1380 (m) 


- 

1350 (w) 

1310 (sb) 

1340 (s) 


1270 (s) 

1250 (s) 

- 

1220 (w) 

! 

1170 (w) 

1130 (w) 

1165 (w) 

- 

1155 (w) 

1060 (w) 

1100 (w) 

1100 (w) 

- 

915 (w) 


- 

- 

- 

800 (s) 

860 (mb) 

870 (w) 

770 (w) 

770 (w) 

790 (m) 

665 (w) 

720 (w) 

720 (s) 


640 (w) 


475 (wb) 
400 (m) 
330 (m) 


Probable assignments 
Coordinated HjO mol. 

OH phenolic Stretching 
I Asym. C=0 Stret ching . 
Aromatic C-C multiple band. 
C-N Stretching. (Py.) 

Aromatic C-C multiple band. 
Sym. C=0 Stretching. 

OH phenolic Stretching. 

C-0 Stretching. 

C-N Stretching (Py.) 

C-N Stretching (Py.) 

Phenolic CO Stretching. 

Py. ring 

Benzene breathing. 

OH deformation. 

Coordinated H 2 O mol. 

Out of plane CH bending. 

Out of plane CH bending. 

. Out of plane CH deformation. 
Coordinated HjO mol. 
Coordinated H 2 O mol. 

COOH wagging mode, 

Py. Ring deformation. 

C-Br Stretching. 

COOH Wagging mode. 

C-Br Stretching. 

M-0 Stretching. 

M-N Stretching. 








However, weak spectral bands at 2590 cm’’ and 2500 cm’’ due to S-H 
stretching vibration exhibited in IR spectra of MBA and HBAT. On ternary 
complex formation, with copper (11) these bands are found to disappear. As in 
phenolic - OH, here too, it may be concluded that proton of - SH group is 
replaced by the Cu (11) ion. 

Free carboxylic ligands show sharp bands in the region of 1620 - 1700 
cm ’ and 1400 — 1475 cm in CO for asymmetric and symmetric stretching 
vibration respectively. The deformation of —OH group of the carboxylic part is 
depicted by a band in the region of 920 cm’’. On ternary complex formation with 
Cu (II) (phen), there is a significant shift of CO stretching frequencies to the 
lower values. The —OH deformation vibrations disappear completely. It is a clear 
indication that bond formation has taken place through carboxylic group by 
deprotonation of the carboxylic - OH group 

The stretching frequencies of CsN in azomethine group in free HBAA and 
HBAT are observed as sharp spectral bands at around 1640 cm’’ and 1635 cm’’ 
respectively. There is clear lowering of this frequency by at least 25 cm’’ in the 
corresponding complexes with Cu (II) (phen). Clearly, the N of the azomethine 
group is coordinating directly to the metal ion 

In the free (phen) and PDA ligands, a sharp moderate band around 160 
cm’’ is attributed to C=N stretching vibration of pyridine group present. There is a 
notable shift in the frequency to a lower region on the formation of complexes. 
The nitrogen atom of pyridine in both the t^ands, therefore, should be directly 
coordinating with the metal. As a matter of fact, the vc = n in pyridine and 







frequency of pyridine ring deformation vibration also shifts to a lower region'^-’®. 
It is a clear confirmation of our conclusion that N atom of pyridine rings actually 
participates in ligand to metal coordinate bond. 


The frequency of vibration due to the presence of pyridine ring is 
expected to be observed as a band at 1165 cm’\ But it overlaps due to aromatic 
ring — C-C- and C-C vibration frequencies lying in the same region. Even this 
frequency is lowered by 10 — 25 cm ^ in all the ternary complexes of Cu (II) under 
study. It is now final that this ligand coordinates with the Cu (ll) through its N 


Spectral bands at 570 cm"'' 650 cm'^ 660 cm''' 660cm'^ for C-S stretching 
frequency are observed MBA, DTSA, DTPA and HBAT ligands. There is a 
lowering of these frequencie,s in corresponding Cu(ll) complexes. This is a clear 
evidence to conclude that S atom has participated in bond formation with the 


metal ion in all the four ternary Cu (phen.) complexes 


The S-S stretching frequencies in free DTSA and DTPA are observed as 


bands at 500 cm'^ and 510 cm'\ This shifting to the extent of about 40 cm' in 


both the 1:1 ;1 complexes of Cu (It) is indicative" of Cu - Sulphur bond being 


formed 


Some new bands are observed in the region of 395 - 480 cm and 320 - 
450 cm"’. These can be traced back to the formation of Cu-0 and Cu-N bonds. 

' , , ■' ' M' v-ft;. ' , ^ 

Thus, it is safe to conclude that all the ligands coordinate through O and nitrogen 


atoms. 





Appearance of IR bands at 850 - 620 cm'' corresponding to out of plane 
C-H bending and deformation and 1150 - 1000 cm'’ corresponding to ring 
system are a common feature for all the ternary complexes that have been 
synthesized in the present investigations. The remaining peaks are due to the 
presence of aromatic rings and not relevant to our study. 


In the ternary complexes of Cu (phen) with MBA, DBSA, PDA, HBAA, 
HBAT and DNSA, a broad band in. the region of 3410 — 3580 cm’^ is attributed 
the 0-H of the water molecules which are coordinated to Cu (II) ion. The 
presence of rocking and bending vibration of OH in the region of 8110 - 850 
cm'^ and 680 — 690 cm ^ respectively reinforce our conclusion that H 2 O 
molecules are coordinated to the metal ion. Further, on heating to 120 - 180 °C 
the weight of the ternary complexes remains constant. That means water 
molecules are present only as coordinated ligands and there is no lattices water 
in any one of these solid complexes. 


4.3 Magnetic studies 


As already discussed in an earlier chapter, the knowledge of effective 
magnetic moment of complex molecules lets us know the number of unpaired 
electrons and in most cases it helps to decide between different geometries of 
the complex. The knowledge of number of unpaired electrons may also help 
confirm geometry deduced from electronic spectral studies. The effective 
magnetic moment of all the Cu (U) ternary complexes has been summarized in 


table 4.23. 


TABLE - 4.23 

MAGNETIC MEASUREMENT DATA OF Cu (11) COMPLEXES 
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A careful study of the table lead«? nc to ■ ■ 

iduie leaas us to the conclusion that the effective 

,„agnetio moment values of all the complexes fall in the range of 1 67 to 2.19 

BM, That means there is only one unpaired electron present in all the 

complexes. It implies that whether the geometry of the complex is square planar, 

tetrahedral or octahedral, the complex is expected to have only one unpaired 

electron. The range of magnetic moment is also indicator of monomeric nature of 

the Cu (II) complexes understudy. 


As far as differentiation bet\ween different shapes is concerned, the data 
obtained from magnetic studies is not of much help. However, it does not 
contradict the results of our electronic spectral investigations. 


On the basis of the aforementioned discussion on spectral and magnetic 
studies, the structure of th^ ternary complexes may be depicted as shown in 
figures 4.1 to 4.6. 
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CHAPTER - V 

TERNARY COMPLEXES OF COBALT (II) 
Rssults and Discussion 


5.1 Electronic Spectra 


The Co (II) ion has an electronic configuration of 3 d^. It can form 
tetrahedral, square planar and octahedral complexes. 


Three spectral bands in the region of 5920-17230 Cm’’ have been 


observed for the Co (dipy.) complexes with MBA, DNSA, DBSA and HNA. The 


three bands correspond to the following transitions 


This is a definite indication of tetrahedral geometry of these four ternary 


complexes. The ratio va/v, is also found to fall in the range of 2.37 to 2.42 as 


doubts about tetrahedral 


required for tetrahedral complexes. |Af^ pel 


B and (i with those 


geometry are dispelled by the 


expected for tetrahedral comi 



(Contd. 









The ternary complexes of MBA, Hi 
exhibit three bands in the range of 8425 
assigned to the following transitions 


DBSA with Co (II) (phen.) 

20360 cm"’ which may be 


These complexes, therefore, should have octahedral shape. Lower va/v 

value of around 1 .7 makes them distorted octahedral. 


The rest of the ternary complexes of Co (bipy) and Co (phen.) too display 
three spectral bands in the regions 8016 - 8786 cm’'', 14456-16118 cm'^ and 
1 8200-20140 cm-' for the transition (e), (f) and (g) referred te above Indeed the 
(f) transition in these complexes is so weak that it appears as a shoulder in the 
spectra of almost all these complexes, vj/vi values in the range of 1.82 to 2.02 
confirm their almost regular octahedral shape. The final confirmation of the 
stereochemistry is obtained fram the 10 Dq, B p and LFSE values obtained for 


these ternary complexes 


5.2 Infra red studies 


5.2.1. Co (dipy) ternary complexes 


The infra red spectral frequencies of free ligands and ternary complexes 


along and their provision assignment for Co-phen systems have been 


summarized in table 5.02 to 5.11 


Qff the ligand undergoes 


As already mentioned earlier, the 
significant changes. When it coordinate 



TABLE 5.02 

IR SPECTRAL DATA OF dipy./TDPA LIGANDS AND THEIR COBALT COMPLEX 


TDPA 


Co (dipy.) TDPA 


Probable assignments 


3430 (sb) 


Coodinated H 2 O mol 


2930 (m) 


2915 (m) 


Asym. Ch 2 -S Stretching 


2850 (s) 


2830 (w) 


Sym. Chz-S Stretching 


1700 (s) 


1680 (s) 


Asym. C=0 stretching 


1570 (m) 


1600 (s) 


N Stretching (Py.) 


1585 (m) 


1585 (m) 


Aromatic C-C multiple band 


1440 (S) 


1420 (s) 


Sym. C = 0 Stretching 


1415 (m) 


1400 (m) 


I 2 -S deformation 


1410 (m) 


1410 (m) 


Aromatic C-C multiple band 


1360 (m) 


1350 (m) 


C = O Stretching 


1300 (w) 


1320 (w) 


C - N Stretching (Py.) 


1250 (s) 


1230 (m) 


1165 (w) 


1170 (w) 


Pyridine ring 


1050 (w) 


1035 (w) 


C - 0 Stretching 


920 (m) 


OH deformation 


850 (wb) 


Coordinated H 2 O mol 


810 (s) 


815 (wb) 


Out of plane CH bending 


810 (s) 


775 (m) 


750 (m) 


Out of (i^ane CH bending 


750 (w) 


760 (w) 


755 (w) 


Out of plane CH bending 


740 (w) 


680 (mb) 


Coordinated H 2 O mol 


660 (s) 


660 (m) 


Out of plane CH deformation 


680 (w) 


Py. Ring deformation 


615 (w) 


610 (wb) 


C.S. Stretching 


570 (m) 


590 (w) 


COOH Wagging mode 


525 (m) 


M - O Stretching 
M - N Stretching 
IVt - S Stretching 


460 (m) 
370 (m) 
300 (m) 


ai* 




Probable assignments 


' I"-' f'i'-f t 


TABLE -5.03 

IR SPECTRAL DATA OF dipy./NIBA LIGANDS AND THEIR COBALT COMPLEX 


S-H Stretching. 

Asym. C=Q St retching. 

C=N Stretching (Py.) 

Aromatic C-C multiple band. 
Aromatic C-C multiple band. 
Sym. C=0 Stretching 
C-N Stretching (Py.) 

Pyridine ring. 

Benzene breathing. 

C=0 Stretching. 

OH deformation. 

Out of plane CH bending. 

Out of plane CH bending. 

Out of plane CH bending. 

Out of plane CH deformation. 
COOH bending. 

Pyridine ring deformation. 
C-S Stretching, 

COOH Wagging mode. 

Wt-O Stretching. 

IWN Stretching, 

M-S Stretching, 


dipy. 

MBA 

Co (dipy.) MBA 

- 

2590 (w) 


- 

1660 (s) 

1630 (sb) 

1?00 (s) 

- 

1550 (m) 

1585 (m) 

1600 (m) 

- 

1410 (m) 

1460 (m) 

1420 (s) 

- 

1440 (m) 

1410 (s) 

l3M(w) 

" 

1300 (w) 

1170 (w) 


1160 (m) 

- 

1060 (w) 

1070 (m) 

- 

1050 (m) 

1035 (w) 

■* 

920 (b) 

" - ■ ■ ^ 

810 (s) 

810 (m) 

820 (m) 


750 (w) 
740 (w) 
680 (w)” 


610 (wb) 


740 (ms) 
660 (m) 


570 (m) 
515 (w) 


760 (m) 
740 (mb) 
665 (wb) 


560 (wb) 

460 (m) 
400 (m) 
320 (m) 


m 


TABLE -5.04 

IR SPECTRAL DATA OF dipy./TDAA LIGANDS AND THEIR COBALT COMPLEX 


I 


1600 (s) 
1585 (m) 
1410 (m) 

"T32O (wY 

1170 (w) 


810 (s) 
'750 (w) 
740 (w) 


680 (w) 
610 (wb) 


TDAA 


2930 (s) 
2850 (s) 
1660 (s) 
1400 (s) 


1410 (m) 


1225 (m) 


920 (m) 

865 (m) 
825 (m) 
780 (w) 


660 (s) 


570 (m) 


Co (dipy.) TDAA Probable assignments 

3300 (nil) Coodinated H 2 O mol. 

• Asym, (CHz-S ) Stretching. 

' Syrn. (CH 2 -S) Stretching. 

1630 (sb) Asym. (C=0) stretching. 

1370 (s) Sym. (C=0) Stretching. 

1580 (s) C=N Stretching (Py.) 

Aromatic C-C multiple band. 
1410 (m) Aromatic C-C multiple band. 

CH 2 -S deformation. 

1300 (w) C-N Stretching (Py.) 

1210 (s) CH 2 -S Wagging. 

1170 (w) Pyridine ring. 

1045 (m) C=0 Stretching. 

OH deformation. 

840 (mb) Coordinated H 2 O mol. 

* 810 (m) Out of plane CH bending. 

770 (w) Outof plane CH bending. 

740 (sh) Outof plane CH bending. 

680 (mb) Coordinated H 2 O mol. 

665 (m) Out of plane CH deformation. 

630 (m) Pyridine ring deformation. 

550 (wb) C-S Stretching. 

480 (m) M-0 Stretching. 

390 (m) M-N Stretching. 

290 (m) M-S Stretching. 


























TABLE -5.05 

IR SPECTRAL DATA OF dipy./TDAA LIGANDS AND THEIR COBALT COMPLEX 


TDAA 


Co (dipy.) TDAA 


Probable assignments 


1690 (s) 


1620 (sb) 


Asym. C=C Stretching 


1600 (s) 


1525 (s) 


C=N Stretching (Py.) 


1580 (m) 


1585 (m) 


1575 (sh) 


Aromatic C-C multiple band 


1460 (m) 


1410 (s) 


1465 (m) 


Aromatic C-C multiple band 


1415 (s) 


1360(s). 


Sym. C=0 Stretching 


1360 (w) 


C=0 stretching 


1290 (w) 


1320 (w) 


C=N Stretching 


1165 (sh) 


1170 (w) 


Pyridine ring 


1100 (w) 


1095 (mb) 


Benzene breathing. 


910 (s) 


OH deformation 


800 (m) 


810 (m) 


810 (s) 


Oot of plane GH bending 


740 (s) 


750 (w) 


Out erf plane CH bending 


740 (s) 


Out of plane CH bending 


685 (m) 


COOH bending 


655 (m) 


690 (m) 


680 (wb) 


Out of plane CH deformation 


650 (m) 


630 (m) 


C^S Stretching, 


610 (wb) 


Pyridfoe rirrg deformation 


610 (wb) 


COOH Wagging mode. 


555 (s) 


490 (mb) S-S Stretching 


500 (w) 


490 (m) 


Mt-O Stretching 


M-N Stretching 


450 (m) 


M-S Stretching 


320 (m) 


y. • . . , 1 1 ; , ,i '^4: ;• ; ,, 


i' ~ i k' ' 

i . ■; 

'*7 T "4 '< :> i' ' 
--v'7 ’ ^ 



TABLE -5.06 

IR SPECTRAL DATA OF dlpy.mTPA LIGANDS AND THEIR COBALT COMPLEX 


assignments 


(CH 2 -S) Stretching 


(CH 2 -S) Stretching 


{C=0) stretching 


N Stretching (Py.), 


C-C multiple band 


(C=0) Stretching 


)matic C-C multiple band 
I 2 -S deformation. 


C-N Stretching (Py.) 

Py. ring. 

CHrS Wagging. 

C-0 ^retching. 

OH deformation. 

Out of plane CH bending. 

Out of t^arre CH bending. 
OutofpianeCH bending. 

Out of plane CH deformation 
C-S Stretching. . 

Pyridine ring deformation. 
COOH Wagging mode. 

S-S Stretching.) ■ 

M-0 Stretohing. 

M-H Stretching. 

M-S Stretching. 


c 

lipy- 

DTPA 

Co (dipy.) DTPA P 


- 

2930 (s) 

2920 (m) A 


- 

2850 (m) 

2820 (m) S 


- 

1690 (s) 

1620 (sb) A 

16 

00 (s) 


1550 (s) C 

■ 

i85 (m) 

- 

1590 (m) A 

S 

- 

1440 (s) 

1420 (s) S 

V 

no (s) 

- 

1415 (s) /: 


__ 

1410 (s) 

( 




TABLE -5.6? 

IR SPECTRAL DATA OF dipy./PDA LIGANDS AND THEIR COBALT COMPLEX 


1350 (m) 
1310 (m) 
1265 (m) 
1170 (m) 
1035 (s) 
910 (s) 


1340 (m) 
1290 (m) 
1250 (m) 
1165 (w) 
1045 (m) 


C-O Stretching. 

C-N Stretching (Py.) 

C-N Stretching (Py.) 

Py. ring. 

C-O Stretching. 

OH deformation. 

Coordkiated H 2 O mol. 

Out of plane CH bending. 

Out of plane CH bending. 

Out of plane CH bending. 
COOH Wagging mode. 
Coordinated H 2 O mol. 

Out of plane CH deformation 
Py, ring deformation. 

COOH Wagging mode. 

M-0 Stretching. 

M-N Stretching. 


1320 (w) 


1170 (w) 


850 (wb) 


850 (w) 
745 (m) 


810 (s) 
750 (w) 
740 (w) 


750 (m) 
740 (m) 


690 (m) 


690 (mb) 
685 (wm) 
610 (w) 


650 (m) 
600 (m) 
520 (s) 


680 (wb) 
610 (wb) 


440 (m) 
350 (wm) 




dipy- 

PDA 

Co (dipy.) PDA 

Probable assignments 

- 

- 

3450 (sb) 

Coordinated H 2 O moi. 


- 

1700 (s) 

1640 (s) 

Asym. C=0 Stretching. | 

"^00 (s) 

1600 (wm) 

1620 (m) 

C=N Stretching (Py.) j 

T58^(m) 

1580 (m) 

1575 (s) 

Aromatic C-C multiple band. | 

1410 (m) 

1455 (m) 

1455 (m) 

Aromatic C-C multiple band. 

1 

i 

- 

1480 (m) 

1440 (s) 

Sym. 0=0 Stretching. | 



TABLE -5.08 

IR SPECTRAL DATA OF dipy./HBAA LIGANDS AND THEIR COBALT COMPLEX 


HBAA 


Co (dipy.) HBAA 


Probable assignments 


3410 (mb) 


Coordinated H 2 O mol 


3450 (sb) 


OH phenolic Stretching 


1640 (s) 


1600 (sm) 


C-N Stretching (Azomethine) 


1700 (s) 


1620 (sb) 


Asym. C=0 Stretching 


1600 (s) 


1590 (s) 


C-N Stretching (Py.) 


1580 (m) 


1585 (m) 


Aromatic C-C multiple band 


1410 (m) 


Aromatic C-C multiple band 


1400 (m) 


1385(s) 


Sym. C=0 Stretching 


1370 (w) 


1 360 (wm) 


C-0 Stretching 


1305 (w) 


C-N Stretching (Py.) 


1365 (m) 


OH Phenolic bening 


1175 (m) 


1160 (mw) 


Phenolic CO Stretching 


1170 (w) 


1160 (w) 


1080 (w) 


1075 (w) 


Benzene breathing 


930 (w) 


OH deformation 


840 (wb) 


Coordinated H 2 O mol 


810 (m) 


810 (m) 


Otrt of plane CH bending 


810 (s) 


755 (s) 


Out of plane CH bending 


750 (w) 


735 (w) 


Out of plane CH bending 


740 (w) 


COOH Wagging mode 


690 (w) 


Coordinated H 2 O mol 


680 (mb) 


Out of plane CH deformation 


675 (wb) 


675 (m) 


680 (wb) 


Py. ring deformation 


600 (wb) 


610 (wb) 


COOH Wagging mode 


570 (wb) 


M-O Stretching 


460 (wm) 


M-N Stretching 


340 (wm) 




table-5.09 

IR SPECTRAL DATA OF dipy./HBAT LIGANDS AND THEIR COBALT COMPLEX 


dtpy. 

HBAT 

Co (dipy.) HBAT 

Probable assignments 

- 

- 

3450 (sb) 

Coordinated H 2 O mol. 

- 

3250 (w) 


OH phenolic Stretching. 

- 

2550 (w) 

- 

S=N Stretching (Azomethine). 

- 

1635 (s) 

1615 (s) 

C=N Stretching (Azomethine). 

1600 (s) 


1525 (s) 

C-N Stretching (Py.) 

T585 (m) 

1580 (m) 

1585 (m) 

Aromatic C-C multiple band. 

1410 (m) 

1440 (s) 

1445 (m) 

Aromatic C-C multiple band. 

- 

1360 (m) 

- 

Ch phenolic bending. 

T^o (w) 

- 

1305 (w) 

C-N Stretching (Py.) 

- 

1175 (w) 

1140 (m) 

Phenolig CO Stretching. 

1170 (w) 

- 

1170 (w) 

Py. ring. 


960 (w) 


820 (mb) 


810 (s) 
750 (w) 
740 (w) 


880 (m) 
750 (s) 


680 (wb) 1 


695 (w) 


660 (w) 


610 (wb) 


750 (wb) 
735 (sb) 
685 (m) 
690 (mb) 
620 (wm) 
600 (w) 
420 (wm) 
405 (m) 
320 (m) 


Benzene breathing. 
Coordinated H 2 O mol. 

Out of plane CH bending. 

Out of plane CH bending. 

Out of plane CH bending. 

Out of plane CH deformation. 
Coordinated H 2 O mol. 

C-S stretching. 

Py. ring deformation. 

M-0 Stretching. 

M-N Stretching. 

M-S Stretching. 
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TABLE -5.10 

IR SPECTRAL DATA OF dipy./DNSA LIGANDS AND THEIR COBALT COMPLEX 


DNSA 


Co (dipy.) DNSA 


Probable assignments 


3490 (m) 


OH phenolic Stretching 


1660 (s) 


1640 (s) 


Asym. C=0 Stretching 


1600 (m) 


1585 (m) 


1585 (m) 


Aromatic C-C multiple band 


1540 (mb) 


1600 (s) 


C=N Stretching (Py.) 


1530 (s) 


1530 (m) 


Aromatic'N02 group 


1440 (m) 


1360 (s) 


Sym. C=0 Stretching 


1410 (m) 


Aromatic C-C multiple band 


1380 (m) 


1350 (m) 


C-O Stretching 


1370 (m) 


OH phenolic bending 


1330 (m) 


1320 (w) 


1300 (sh) 


C-N Stretching 


1255 (s) 


1290 (m) 


C-N Stretching 


1 170 (w) 


1120 (wm) 


Phenolic CO Stretching 


1170 (w) 


1170 (w) 


1100 (w) 


1095 (wm) 


Benzene breathing 


1050 (w) 


1040 (w) 


C-O Stretching 


950 (w) 


Benzene breathing 


930 (m) 


OH deformation 


850 (mb) 


815 (sb) Out of plane CH bending 


810 (s) 


Out of plane CH bending 


740 (s) 


750 (w) 


Out of plane CH bending 


740 (m) 


740 (w) 


Out of plane CH deformation 


715 (m) 


680 (wb) ■ 720 (m) 


COOH bending 


685 (m) 


Py. riiig deformation 


640 (m) 


610 (wb) 


COOH Wagging mode 


515 (wb) 


M-0 Stretching 
M-N Stretching 


440 (wm) 
350 (m) 




TABLE -5.11 



COMPLEX 


Co (dipy.) DBSA 


Probable assignments 


3240 (m) 


OH phenolic Stretching 


1670 (sb) 


1600 (s) 


Asym. C=0 Stretching 


1540 (s) 


1600 (s) 


C=N Stretching (Py.) 


1590 (m) 


1610 (m) 


1585 (m) 


Aromatic C-C multiple band 


1410 (s) 


1415 (sh) 


Aromatic C-C multiple band 


1420 (m) 


1480 (mb) 


Sym. C=0 Stretching 


1380 (mb) 


OH phenolic Stretching 


1350 (w) 


1360 (wm) 


C-0 Stretching 


1320 (w) 


1250 (m) 


C=N Stretching (Py.) 


1180 (w) 


1120 (w) 


Phenolic CO Stretching 


1170 (w) 


1175 (m) 


1100 (w) 


1105 (wm) 


Benzene breathing 


910 (w) 


OH deformation 


800 (mb) 


810 (sb) 


810 (s) 


Out of plane CH bending 


780 (w) 


750 (w) 


Out of plane CH bending 


735 (m) 


740 (w) 


Out of plane CH bending 


710 (m) 


680 (wb) 


710 (m) 


Out of plane CH deformation 


660 (wb) 


Out of plane CH deformation 


685 (w) 


COOH bending 


625 (m) 


Py. ring deformation 


610 (wb) 


600 (m) 


600 (m) 


C-Br. Stretching 


COOH Wagging mode 


550 (w) 


475 (m) 


C-Br. Stretching 


400 (m) 


M-O StretcNng 


M-N Stretching 


390 (m) 









Thus, the spectral bands at 3450 cm'’, 3490 cm’', 3240'' and 3450 cm ’ 
and also moderate ones characteristic of the stretching and bending phenolic 
OH groups in HBAA, HBAT, DNSA, DBSA and HNA free ligands respectively. It 
is significant when all these ligands separately form the ternary complexes with 
CO (II) along with (dipy), all these of bands vanish from the IR spectra. It is 
obvious that Co (It) to ligand bonding has taken place by replacing the proton in 
phenolic- OH group. 


A significant lowering of symmetric and symmetric CHa stretching 
frequency by 930 cm and 2850 cm"'* in TDPA, TDAA & DTPA to found to 
occur on complexation with the metal. Thus, the Co (II) (dipy) ternary complex 
should have coordination taking place with these ligands through the sulphur 
atom of the CH 2 S group present. 


Weak spectral bands at 2590 and 2550 cm'^ discussed for the free 


ligands MBA and HBAT respectively are attributed to S-H stretching vibration. It 


indicates that the SH group is deprotonated to form a covalent bond with Co (II) 


in the case of linear (bipy) complexes of these ligands 


It the case of ail the free ligands forming ternary complexes with Co 
, \’as (Co). Vs (Co) and Vcteform(OH) are observed in the region of 1660'^ form 


1440 cm'\ 1440 cm"'' and 920 ± 10 cm'^ The is towering of both carbonyl- 
stretching frequencies in the range qf lOito ^ crn'^ and the third frequency 
completely vanished on cx)nriplex^ion DBSA in which case 

the sigmmeterlc vco frequency 30 cm\ All 





tnese ligands are, therefore, linked to the Co (II) through the carboxylic acid 

group. 


The vc=N of a azomethine group In HBAA and HBA is observed as sharp 
spectral bands at 1640 cm'^ and 1635 cm*’ respectively. Here, too, there is 
lowering of the two frequencies by around 30 cm*’, This lowering of frequency 
may be safely attributed to the coordination of each of the two ligands to metal 
through nitrogen atom of the a azomethine group ’*'^. 


Moderate spectral bands in the region of 1600 cm*’ are observed for vc=n 
vibrations of dipyridine and PDA. This frequency too shift towards the negative 
direction on the complexation of the two ligands with Co (II). It indicates 
involvement of N of the pyridine ring in complex formation. Out of plane C-N 
bending and deformation frequency (850-620 cm*’) and for the ring system 
(1150-1000 cm*’) have been observed without exception in all caes’^. 


Moderate spectra! bands attributed to vc-s vibrations for the TDPA, DTSA 


DTPA and HBAT in the region 610 ± 50 cm have observed. These vibrations 


also shift to a lower frequency by 10-40 cm*’ in Co-dipy. complexes to indicate 


that coordination has taken place through S atom of the C-S group 


Spectral bands at 500 cm*’ and 510 cm*’ respectively have been 

i ‘ . •■V ’I ','i • ^ 

observed in free DTSA and DTPA. These bands are attributed to vs-s frequency. 

f, ''fC < ■ t-i ■- 

Lowering of this frequency by 10-30*cm'’ k of coordination in these 

ligands coordinating through the ‘S’ _ L , t; 





The vco-o, V 2 CO-N and vco-s bands are found to appear in the region around 
370 cm'\ 305-470 cm'^ and 260-3345 cm'^ respectively which confirms Co 
Co-N and Co-S bond formation 


In the dipy Co complexes of TDPA, TDAA, PDA, HBA, and HBAT a broad 
band in the region of 3280-3500 cm"^ is observed. It is attributed to the stretching 
frequency of OH of the coordinated water molecule. The same complexes also 
exhibit moderate bands around 820-860 cm'^ and 680-690 cm'^. These bands 
are usually attributed to rocking and bending vibration respectively of CH group 
as noted by Nakamoto”. When these complexes are heated in the temperature 
range of 120-1 80°C, these is negligible loss m their weight. This confirms that 
water molecules are not loosely held and are coordinated to Co (11). 


Co (phen) - ternary complexes 

The important infra red frequencies of 1 : T. 1 Co (phen) (carl 
schiffs base) ternary complexes are listed in tables 5.13 to 5.1' 
comments on important peaks of the lr#a red spectra. These is 
difference in position of important peaics of free ligands and th 


complexes 


{fv "4 -V' 




TABLE - 5.12 


IR SPECTRAL DATA OF dipy./HNA LIGANDS AND THEIR COBALT COMPLEX 


810 (s) 


680 (wb) 


HNA 

3450 (w) 


910 (w) 
800 (m) 


685 (w) 


Co (dipy.) HNA 


1670 (sb) 

1595 (s) 

1600 (s) - 

1615 (m) 

1585 (m) 1585 (m) 

1585 (m) 

■ I 1480 (mb) 

1420 (mb) 

1410 (m) - 

1410 (m) 

- 1380 (m) 

1365 (m) 

1375 (mb) 

- 

1320 (w) 

1290 (mb) 

1170 (m) 

1220 (m) 

1170 (w) 

1165 (m) 

- 1100 (w) 

1095 (wm) 

- 1040 (w) 

1025 (w) 


810 (m) 


745 (wm) 


Probable assignments 

OH phenolic Stretching. 
Asym. C= 0 Stretching. 

C=N Stretching (Py.) 
Aromatic C-C multiple band. 
Sym. C=0 Stretching. 
Aromatic C-c multiple band. 
C-0 Stretching. 

OH phenolic bending. 

C-N Stretching (Py.) 
Phenolic CO Stretching. 

Py. ring. 

Benzene breathing. 

C-0 Stretching. 

OH deformation. 

Out of plane CH bending. 


Out of plane CH bending 


Out of plane CH bending 


COOH bending. 

Out of plane CH deformation 


1 

610 (wb) 

I 

600 (w) 

Py. ring deformation. 



- 

! 550 (m) 


COOH Wagging mode 



- 

r 

1 

1 430 (m) 

M-0 Stretching. 



- 

- 

375 (mb) 

M-N Stretching. 




; i- " v; H.’ ’• 

t'?' -4 V 











table - 5.13 

IR SPECTRAL DATA OF Phen./MBA LIGANDS AND THEIR COBALT COMPLEX 


Phen. 


1670 (m) 
1600 (s) 
1500 (m) 

1340 (m) 

lisoTsT 

1165 (w) 
1060 (w) 


2590 (m) 
1690 (s) 
1600 (m) 

1450 (m) 
1420 (m) 


1060 (w) 
1050 (b) 
930 (m) 


910 (m) 


770 (w) 740 (ms) 



Co (Phen.) MBA Probable assignments 

3450 (mb) Coordinated HjO mol. 

' S-H stretching. 

1590 (m) Asym. C=0 Stretching. 

1570 (s) Aromatic C-C multiple band. 

1520 (w) C=N Stretching (Py.) 

1440 (w) Aromatic C-C multiple band. 

1400 (m) Sym. C=0 Stretching. 

,1360 (m) C-N Stretching (Py.) 

1250 (w) C-N Stretching (Py.) 

1130 (m) Py. ring. 

Benzene breathing. 
1040(w) C-0 Stretching. 

0-H deformation. 


850 (s) Coordinated H 2 O mol. 


835 (m) Outof plane CH bending. 


* 735 (w) Out of plane CH bending. 



M-N Stretching 


wl-S Stretching 






table -5.14 



IR SPECTRAL DATA OF Phen./DTSA LIGANDS AND THEIR COBALT COMPLEX 

DTSA C^ (Phen.) DTSA I Probable assig nments 

- Asym. C=0 Stretching. 

70 (m) 1600 (m) 1600 (m) Aromatic C-C multiple band, 

'00 (s) - 1575 (s) C=N Stretching (Py.) 

lOO (nn) 1480 (m) 1470 (m) Aromatic C-C multiple band. 

1415 (m) 1390 (w) Asym. C=0 Stretching. 

1 360 (m) 1340 (s) C-0 Stretching (Py.) 

540 (m) - C-N Stretching (Py.) 

’50 (m) - 1 250 (w) C-N Stretching (Py .) 

1657^^ - 1130(m) Py.ring. 

360 (w) 1100(w) 1060(w) Benzene breathing. 

920 (s) - 0-H deformation. 

300 (s) 790 (m) 780 (s) Out of plane CH bending. 

770 (w) 730 (s) 735 (s) Out of plane CH bending. 


800 (s) 
^770 (w) 


920 (s) 
790 (m) 
730 (s) 


780 (s) 
735 (s) 


680 (m) 


COOH bending. 


650 (m) 


650 (m) 


615 (w) Py. ring deformation. 


670 (wb) 


Out of plane CH deformation. 


C-S Stretching. 


555 (s) 
500 (w) 


- COOH Wagging mode. 

475 (mb) S-S Stretching. 

410 (m) M-O Stretching. 

330 (w) M-N Stretching. 

300 (m) M-S Stretching. 





TABLE -5.15 

IR SPECTRAL DATA OF Phen./PDA LIGANDS AND THEIR COBALT COWPLEX 



Phen. 


1670 (s) 
1600 (m) 

TioolsT 


1340 (m) 
1250 (w) 
TToS (in) 
1060 (m) 


800 (s) 
770 (w) 


665 (m) 
630 (w) 



3430 (sb) 

1700 (s) 

1650 (sb) 

1580 (m) 

1560 (m) 

1600 (s) 

1580 (m) 

1460 (m) 

1450 (s) 

1420 (m) 

1475 (m) 

1350 (s) 

1365 (m) 

1310 (w) 

1280 (m) 

1265 (s) 

1220 (w) 

1165 (m) 

1160 (m) 

- 

1070 (m) 

1035 (m) 

1025 (w) 

930 (m) 

- 

- 

820 (wb) 

800 (s) 

795 (m) 

740 (w) 

* 770 (m) 

690 (m) 

- 

- 

690 (wb) 

650 (m) 

665 (m) 

600 (m) 

640 (w) 

520 (s) 

- 

- 

440 (mb) 

r 

390 (m) 


Co (Phen.) PDA Probable assignments 

3430 (sb) Coordinated HjO mol. 

1650 (sb) Asym. C=0 Stretching. 

1560 (m) Aromatic C-C multiple band. 

1 580 (m) C=N Stretching ( Py . ) ~ ~ 

1450 (s) Aromatic C-C multiple band. 

1475 (m) Sym. C=0 Stretching. 

1 365 (m) C-O Stretching (Py.) 

1280 (m) C-N Stretching (Py.) 

'1220 (w) C-N Stretching (Py.) 

1 160 (m) py. ring. 

1070 (m) Benzene breathing. 

1025 (w) C-O Stretching. 

- OH Stretching. 

820 (wb) Coordinated H 2 O mol. 

795 (m) Out of plane CH bending. 

770 (m) Outof plane CH bending. 

- COOH bending. 

690 (wb) Coordinated H 2 O mol. 

665 (m) Outof plane CH deformation. 

640 (w) Py. ring deformation. 

COOH Wagging mode. 

440 (mb) M-0 Stretching. 

390 (m) M-N Stretching. 
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TABLE -5.16 



IR SPECTRAL DATA OF Phen./HBAA LIGANDS AND THEIR COBALT COMPLEX 


HBAA 


Co (Phen.) HBAA 


Probable 


assignments 


Coordinated H 2 O mol 


OH phenolic Stretching 


Aromatic C-C multiple band 


C-N Stretching (Azomethine) 


Asym. C=0 Stretching 


C=N Stretching 


Aromatic C-C multiple band 


Sym. C=0 Stretching 


C-O Stretching (Py.) 


OH phenolic bending 


C-N Stretching (Py.) 


C-N Stretching (Py.) 


Phenolic CO Stretching 


Coordinated H 2 O mol 


Out of plane CH bending 


Coordinated H 2 O mol 


COOH bending. 

Out of plane CH deformation 
Py. ring deformation 
COOH Wagging mode 
M-0 Stretching. 

M-N Stretching. 


1165 (w) 

- 

1165 (m) 

Py. ring. I 

1060 (w) 

1070 (w) 

1090 (s) 

Benzene breathing. ■ 

- 

1 925 (w) 

* 

OH deformation. 







TABLE -5.17 



IR SPECTRAL DATA OF Phen./HBAT LIGANDS AND THEIR COBALT COMPLEX 


HBAT 


Co (Phen.) HBAT 


Phen 


Probable assignments 


Coordinated H 2 O mol. 


OH phenolic stretching 


S-H Stretching 


Aromatic C-C multiple band 


C=N Stretching (Azomethine) 


C=N Stretching (Py.) 


Aromatic C-C multiple band 


1440 (s) 


Aromatic C-C multiple band 


OH phenolic stretching 


C-N Stretching (Py.) 


C-N Stretching (Py.) 


Phenolic CO Stretching 


Benzene breathing 


Out of plane CH bending 


Coordinated H 2 O mol 


Out of plane CH bending 


Coordinated H 2 O mol 


Out of plane CH deformation 


C-S Stretching 


Py. ring deformation 


M-0 Stretching 


M-N Stretching 


M-S Stretching 



TABLE -5.18 

IR SPECTRAL DATA OF Phen./DNSA LIGANDS AND THEIR COBALT COMPLEX 


DNSA 


Co (Phen.) DNSA 


Probable assignments 


Phen 


3850 (mb) 


Coordinated H 2 O moi. 


3490 (m) 


OH phenolic stretching 


1680 (s) 


1600 (s) 


Asym. C=0 Stretching 


1600 (m) 


1670 (m) 


Aromatic C-C multiple band 


1530 (s) 


C=N Stretching (Py.) 


1600 (s) 


1485 (m) 


Aromatic C-C multiple band 


1500 (m) 


1470 (s) 


1460 (m) 


Sym. C=0 Stretching 


1380 (m) 


1360 (s) 


C-0 Stretching (Py.) 


1370 (m) 


OH phenolic bending 


1330 (m) 


1310 (s) 


C-N Stretching 


1340 (m) 


1255 (b) 


C-N Stretching, 


1250 (m) 


1175 (w) 


Phenolic CO Stretching 


1165 (m) 


Benzene breathing 


1090 (w) 


1060 (w) 


C-O Stretching 


1050 (w) 


Benzene breathing 


960 (w) 


OH deformation 


930 (m) 


Coordinated H 2 O mol. 


Out of plane CH bending. 

Out of plane CH bending. 

Out of plane CH deformation 
Py. ring deformation. 
Coordinated H 2 O mol. 
COOH Wagging mode. 

M-0 Stretching. 

M-N Stretching. 


840 (m) 
730 (m) 
715 (mb) 
680 (s) 


800 (s) 
770 (w) 
665 (w) 
630 (w) 


515 (wb) 


410 (m) 
330 (w) 



TABLE -5.19 

IR SPECTRAL DATA OF Phen./DBSA LIGANDS AND THEIR COBALT COMPLEX 
ihen. DBSA Co (Phen.) DBSA 


Probable assignments 


3490 (mb) 


Coordinated HjO mol. 


3240 (w) 


OH phenolic stretching 


1670 (sb) 


1575 (s) 


Asym. C=0 Stretching 


1670 (m) 1600 (m) 


1600 9s) 


Aromatic C-C multiple band 


1600 (s) 


1545 (s) 


C=N Stretching (Py.) 


1500 (m) 


1 500 (m) 


Aromatic C-C multiple band 


1420 (mb) 


1385 (mb) 


Sym, CsO Stretching 


1380 (m) 


OH phenolic bending 


1350 (w) 


1 300 (w) 


C-0 Stretching (Py.) 


1340 (m) 


C-N Stretching, 


1200 (m) 


1250 (m) 


C-N Stretching 


1170 (w) 


1150 (m) 


Phenolic CO Stretching 


1160 (w) 


1165 (mb) 


1060 (w) 1100 (w) 


Benzene breathing 


915 (w) 


OH deformation 


845 (m) 


Coordinated H2O mot 


860 (mb) 


890 (s) 


Out of plane CH bending 


800 (s) 


770 (w) 


Out of plane CH bending 


780 (m) 


770 (w) 


720 (w) 


715 (mb) 


Out of plane CH deformation 


665 (w) 


Coordinated H2O mol 


680 (wb) 


Coordinated H2O mol 


650 (m) 


660 (m) 


COOH bending 


690 (m) 


Py. ring deformation. 
C-Br Stretching. 

COOH Wagging mode 
C-Br Stretching. 

M-O Stretching. 

M-N Stretphing. 


630 (w) 
605 (w) 


630 (w) 


600 (m) 
550 (w) 
470 (s) 


470 (mb) 
430 (mb) 
310 (m) 






WifA 


In the cobalt (phen) complexes with HBAA, HBAT, DNSA and DBSA, the 
bands corresponding to stretching and bending frequencies of - OH group 
present in the ligands disappear from their original positions at 3450 cm'\ 3250 
cm'\ 3490 cm ^ and 3240 cm ^ in addition to those at 1365 cm'\ 1360 cm'\ 1370 
ciTi'^ and 1 380 cm ^ . This leads to conclusion that the proton from - OH group 
(phenolic) of the ligand has been replaced by cobalt .(11), 


The MBA and HBAT show spectral bands at 3590 cm"'' and 2550 cm'^ 
due to the S-H stretching vibrations. These band too disappear in the 
corresponding ternary complexes as in the case of phenolic -OH group. The 
conclusion is similar. The protoin of the -SH group has been replaced by Co (II) 
ion to form M-S-C band. 


The CO group in the free carboxylic acid ligand has bands at 1620 cm'\ 
1720 cm'^ and 1400-1425 cm"’ respectively corresponding to its symmetric and 
asymmetric stretching vibrations. The formation of a complex by such ligands 
with Co (phen) results in significant lowering of these frequencies in addition to 


total disappearence of -OH deformation (acid) seen at 920 ± 10 cm . These 


ligands must have, therefore, linked to the metal through the carboxylic groups 


The C=N stretching vibration of a azomethine group in free HBAA and 
HBAT are manifest at 1640 cm'^ and 1635 cm'\ However, in the Co (phen) 
ternary complexes there is a shift of 25-55 cml’ towards the lower frequency 
region. This negative shifting in frequency iiMJi^ed that N of azomethine group 
has coordinated \«ith Co (It) to torrn 



re is no lattice water 


The C=N stretching vibrations pyridine group present in (phen.) and PDA 
is exhibited as a sharp band around 1600 cm '. It too registers a negative shift of 
substantial proportions. Evidently N atom present in pyridine group is linking to 
Co (II) by a coordinate bond. 

The band at 1165 cnn ^ for the pyridine ring present in free (phen.) ligand 
overlaps with aromatic ring, C-C and C=C combination. This frequency is almost 
always lowered by 10-25 cm'^ in the ternary complexes of Co (phen). This is 
further confirmation of coordination of the ligand through N of the pyridine ring. 

In Co (phen) DTSA ternary complex, the band at 500 cm''' for S-S 
stretching vibration lowers by 30 cm'^ indicating the formation of Co-S bond in 
the complex'^. 

in the ternary complexes of Co (phen) some bands in the region 395-480 
cm"' and 320-405 cm"' may be assigned to vco-oand vco-n stretching vibration. 
Hence the ligands must have linked to the metal through HO and nitrogen 


atoms. 


In the MBA. DBSA, PDA, HBAA, HBAT and DNSA complex with Co 
(phen). a broad band around 3410-3580 cm"' is observed due to stretching 

■i ■ - i f ■ ‘ . 

vibration of OH of the coordinated water molecule. The rocking and bending 
vibration of - OH in the region 810-850 cm"’ and 680-690 cm'' are further 
supportive of presence of coordinated water. That the water is coordinated and 
not present otherwise is confirmed 9^;^^ porresponding ternary 


complex at 120-180®C. 


i 



5.3 Magnetic Studies 


The effective magnetic moment values of the ternary complexes of cobalt 
under study, have been listed in table 5.20. 


And for the four complexes listed as exceptions in the previous paragraph 


the peff- values are found to be 4.15, 4.13, 3.80 and 3.81 B.M. respectively. This 


is an indication of tetrahedral stereochemistry of the four complexes. The peff 


values of DBSA and HNA ternary complexes are somewhat lower. This is 


probably due to lowering of symmetry. Perhaps negatives orbital magnetic 


moment causes it. It leads us to conclude that Co (dipy) DBSA and Co (dipy) 

r.? iVy'’’ Vi.' : 

HNA complexes have a distorted tetfatie#^ gec^try wWi sp^ hybridization. 


ternary complexes 


The bonding struotwat entr 
have been proposed and ^jepres 




MAGNETIC MEASUREMENT DATA OF Co (11) COMPLEXES. 








PROPOSED BONDING STRUCTURES OF 


mPYRIDINE COBALT (ID COMPLEXES 




ICo(dipy) DTSA] 

CH-CH,-C00 


ICo(dipy) DTPA] 


lCo(dipy) PDA.HP1 







lCo((iipy) HBAT.Hp] 


lCo(dipy) DNSA] 


jCo(dipy) DBSAj 


1 n ,1 i 





PROPOSED bond ing STRUCTURES OF 
PHENANTHROLINE COBALT (ID COMPI EXES 


[Co (phen.) DTSA] 


jCo (|rfien.) HBAA.HjO] 






[Co (phen.) HBAT.Hpj 


|Co (phen.) DNSA-lH^Ol 
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CHAPTER - VI 

TERNARY COMPLEXES OF NICKEL (II) 
Results and Discussion 


6.1 Electronic Spectral Studies 


The electronic spectral data of nickel (ll) ternary complexes in listed in 


Nickel (ll), as we know, has shown ample ability to form coordination 

complexes. In the complexes, there is a large crystal field splitting, no transition 

occurs below 10000 cm ^ in the case of low spin square planar complexes. This 

is evidently so on account of the energy difference between dx^.y^ and the next 

■ * 

lower level being greater than 10 KK. 


The Ni (dipy.) MBA. Ni (dipy.) DNSA, Ni (dipy.) HNA and Ni (phen.) MBA 
complexes exhibit electronic bands in the 18130-18620 cm'\ 28790-29900 cm'^ 
and 34170-35170 cm"’ corresponding to the transitions %g ->1 eu (vi),: 'Aig 
-^’Azu (\' 2 ) and ’Aig ~>’Bu (vj) respectively. These complexes can be therefore. 


assumed to possess square planar geometry. The B, p and values support 


this assumption with a partial coyaMt In the metal - ligand bond as [5 


values lie in the range of 0.55 to 0 


i^g two bands around 15000 and 


A spectral band below 


1 Ti, (P) transitions 


19000 cm .are due to 


The Ni (diply.) DBSH and Ni 


respectively for 
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(phen.) DNSA complexes do exhibit these transitions at 8470 - 8650 cm'\ 
^5340-15560 cm'^ and 19530-196600 cm'^ The two complexes are. therefore, 
expected to possess tetrahedral geometry. The 10 Dg. B, j3, LFSE and va/vi 
values also confirm the contention. 

All the remaining nickel (II) complexes exhibit three spin allowed 
transitions ^A 2 g-> ^T 2 g (P) (vi). ^A 2 g-» ^Tig (va) and ^Tig (P) (vs), in the 

range of 18760-12680 cm’\ 16440-20980 cm''' and 20100-27500 cm'^ 
respectively. It leads us to the conclusbn that all these complexes are 
octahedrally surrounded by ligands. In fact, the 10 Dg values, B, p, LFSE and 
V 2 /V 1 values render their support to this conclusion except in the case of Ni (dipy.) 
PDA, Ni (phen.) DTSA, Ni (phen.) HBAA and Ni (dipy.) DBSA in which lower 

values of V 2 /V 1 (1 .64-1 .68) are suggestive of distorted octahedral structure. 

' * 

6.2. Infra Red Studies 

6 . 2 . 1 . Ni (dipy.) ternary complexes 

The IR spectra! data for the complexes, under investigation is in listed in 
tables 6.02 to 6.13. 

The vibrational spectra of nickel (I!) dipyridine complexes with different 
ligands are quite similar to those obtained for similar complexes of cobalt (II) and 


Copper (H). 


One notable deviation was c^serv^ for Ni (dipy.) TDPA wherein the 


isymmetric and symmetric CHrS shift to a higher region 

)y 20-30 cm-’ instead of shiRino other complexes of 





table -6.02 

IR SPECTRAL DATA OF dipy./TDPA LIGANDS AND THEIR NICKEL COMPLEX 

Ni (dipy.) TDPA 


TDPA 


Probable assignments 


3460 (s) 


Coodinated H 2 O mol 


2930 (m) 


2960 (m) 


Asym. CH 2 -S Stretching 


2850 (s) 


2860 (w) 


Sym. CH 2 -S Stretching 


1700 (s) 


1690 (m) 


Asym. C=0 stretching 


1590(m) 


1600 (s) 


N Stretching (Py.) 


1580 (s) 


1585 (m) 


Aromatic C-C multiple band 


1440 (s) 


1410 (m) 


Sym. C = 0 Stretching 


1415 (m) 


1405 (m) 


I 2 -S deformation 


1410 (w) 


1410 (m) 


Aromatic C-C multiple band 


1360 (m) 


1340 (m) 


C = O Stretching 


1305 (w) 


1320 (w) 


C - N Stretching (Py.) 


1250 (s) 


1235 (m) 


1165 (w) 


1170 (w) 


Pyridine ring 


1050(w) 


1075{w) 


C - 0 Stretching 


920 (m) 


OH deformation 


820 (wb) 


Coordinated H 2 O mol 


810 (mb) 


810 (w) 


Out of plane CH bending 


810 (s) 


775 (m) 


760 (w) 


Out of plane CH bending 


750 (w) 


Out of plane CH bending 


760 (w) 


740 (w) 


685 (mb) 


Coordinated H 2 O mol 


Out of plane CH deformation 


670 (m) 


660 (s) 


680 (w) 


Py. Ring deformation 


615 (w) 


610 (wb) 


550 (wb) C.S. Stretching 


590 (w) 
525 (m) 


COOH Wagging mode 


M - O Stretching 


400 (m) 


M - N Stretching 


350 (w) 


M - S Stretching 


310 (m) 





TABLE -6.03 

IR SPECTRAL DATA OF dipy./MBA LIGANDS AND THEIR NICKEL COMPLEX 


MBA 

2590 (w) 


750 (w) 
740 (w) 
680 (w) 


740 (ms) 
660 (m) 


Ni (dipy.) MBA 


- 

1660 (s) 

1615 (s) 

1600 (s) 

" 

1560 (s) 

1585 (m) 

1600 (m) 

1590 (w) 

1410 (m) 

1460 (m) 

1410 (m) 

“ 

1440 (m) 

1395 (s) 

"1320 (w) 

- 

1 305 (w) 

1170 (w) 

- 

1105(w) 

- 

1060 (w) 

1065 (w) 


1050 (m) 

1040(m) 

- 

920(b) 


810 (s) 

810 (m) 

I 815 (m) 


750 (mb) 
735 (w) 
660 (w) 


Probable assignments 

S-H Stretching. 

Asym. C=0 Stretching 
C=N Stretching (Py.) 

Aromatic C-C multiple band. 
Aromatic C-C multiple band, 
Sym. C=0 Stretching 
C-N Stretching (Py.) 

Pyridine ring. 

Benzene breathing. 

C=0 Stretching. 

OH deformation. 

Out of plane CH bending. 

Out of plane CH bending. 

Out of plane CH bending. 

Out of plane CH deformation. 


COOH bending. 

Pyridine ring deformation. 
C-S Stretching. 

COOH Wagging mode. 
M-O Stretching. 

M-N Stretching, 

M-S Stretching. 


i 


TABLE -6.04 

IR SPECTRAL DATA OF dipy./TDAA LIGANDS AND THEIR NICKEL COMPLEX 



TDAA 

2930 (s) 
2850 (s) 
1660 (s) 
1400 (s) 


1600 (s) 

TsSsTm) 

1320 (w) 

1170 (w) 


1410 (m) 


1225 (m) 


920 (m) 


810 (s) 

865 (m) 


750 (w) 

740 (w) 

825 (m) 


780 (w) 


- 

- 


”680 (wb) ; 

660 (s) 


610 (wb) ] 

- 


- ■ ■ 

1 

...L 

570 (m) 




- 


' 

- 


; 

. - 



Ni (dipy.) TDAA Probable assignments 

(s) Coodinated H2O mol. 

(w) Asym. (CH2-S) Stretching. 

2830 (m) Sym. (CH2-S) Stretching. 

1595 (s) Asym. (C=0) stretching. 

1350 (s) Sym. (C=0} Stretching. 

1 570 (m) C=N Stretching (Py .) 

1580 (m) Aromatic C-C multiple band. 

Aromatic C-C multiple band. 
1370 (s) CH2-S deformation. 

1285 (w) C-N Stretching (Py.) 

1240 (wm) CH2-S Wagging. 

1165 (w) Pyridine ring. 

1050 (m) C-0 Stretching. 

OH - deformation. 


825 (wb) Coordinated H2O mol. 

* 815 (m) CXtt of plane CH bending. 

755 (m) Out of plane CH bending. 

720 (m) Out of plane CH bending. 

685 (mb) Coordinated H2O mol. 

700 (m) Out of plane CH deformation. 

620 (w) Py.’ ring deformation. 

565 (w) C-S Stretching. 

400 (m) M-0 Stretching. 

370 (w) M-N Stretching. 

260 (m) M-S Stretching. 




. .7' ; y ^ r r. ,-tli ly y. 

•''"1 --y 
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table - 6.05 


IR SPECTRAL DATA OF dipyJDTSA LIGANDS AND THEIR NICKEL COMPLEX 


dipy- DTSA 

1690 (s) 

1600 (s) 

IsssTmT” 1580 (m) 


1410 (s) 


1320 (w) 
1170 (w) 


810 (s) 
750 (w) 
740 (s) 


610 (wb) 


1460 (m) 
1415 (s) 
1360 (w) 


1100 (w) 
910 (s) 
800 (m) 
740 (s) 

685 (m) 


680 (wb) 655 (m) 

I 650 (m) 


555 (s) 
500 (w) 


Ni (dipy.) DTSA Probable assignments 

1615 (s) Asym. C=C Stretchino. 

1535 (s) C=N Stretching (Py.) 

1 585 (w) Aromatic C-C multiple band. 

1405 (m) Aromatic C-C multiple band, 

1390 (sb) Sym, C=0 Stretching. 

1285 (w) C-0 Stretching. 

1250 (w) C-N Stretching. 

1160 (w) Pyridine ring. 

Benzene breathing. 

OH deformation 

810 (m) Out of plane CH bending. 

755 (m) Out of plane CH bending. 

- Outof plane CH bending. 

- COOH bending. 

670 (m) Out of plane CH deformation 

* 560 (m) C-S Stretching. 

- Py. ring deformation. 

COOH Wagging mode. 

425 (w) S-S Stretching. 

450 (m) M-0 Stretching. 

410 (w) M-N Stretching, 

300 (m) M-S Stretching, 



141 












t'.: ... 

i k*' ^ A r’* ’ 





table -6.06 

IR SPECTRAL DATA OF dipy./DTPA LIGANDS AND THEIR NICKEL COMPLEX 


DTPA 


Ni (dipy.) DTPA 


Probable assignments 


2930 (s) 


2915 (s) 


Asym. (CHa-S) Stretching 


2850 (m) 


Sym. (CHa-S) Stretching 


1690 (s) 


1660 (m) 


Asym. (C=0) stretching 


1590 (s) 


1600 (s) 


C=N Stretching (Py.) 


1585 (m) 


1585 (m) 


Aromatic C-C multiple band 


1440 (s) 


1400 (s) 


Sym. (C=0) Stretching 


1410 (s) 


Aromatic C-C multiple band 


1410 (s) 


1395 (w) 


CHa-S deformation 


1310 (m) 


1320 (w) 


C-N Stretching (Py.) 


1150 (m) 


1170 (w) 


1260 (s) 


1235 (m) 


CHa-S Wagging 


1035 (w) 


1040 (m) 


C-0 Stretching 


920 (m) 


OH deformation 


810 (m) 


810 (m) 


Out of plane CH bending 


810 (s) 


730 (w) 


Out of plane CH bending 


750 (w) 


Out of plane CH bending 


740 (w) 


Out of plane CH deformation 


655 (m) 


615 (m) 


680 (wb) 


C-S Stretching 


660 (w) 


645 (w) 


Py. ring deformation 


580 (m) 


610 (wb) 


COOH Wagging mode 


550 (m) 


S-S stretching 


495 (m) 


510 (m) 


M-O Stretching 


350 (w) 


M-N Stretching 


320 (m) 


M-S Stretching 


280 (w) 


V / ,y i 




table - 6.07 


IR SPE< 

OTRAL DATA C 

)F dipy ./PDA LIGANDS AND THEIR NICKEL COMPLEX 

dipy. 

PDA 

Ni (dipy.) PDA 

Probable assignments ! 


- 

3420 (mb) 

Coordinated HjO mol i 

- 

1700 (s) 

1660 (s) 

Asyro. C=0 Stretching. | 

1600 (s) 

1600 (wm) 

1570 (m) 

C=N Stretching (Py.) 

1585 (m) 

1580 (m) 

1595 (m) 

Aromatic C-C multiple band. 

1410 (m) 

1455 (m) 

1425 (m) 

Aromatic C-C multiple band. 

- 

1480 (m) 

1450 (s) 

Sym. C=0 Stretching/ 


1350 (m) 

- 

C-O stretching. 

1320 (w) 

1310 (m) 

1275 (m) 

C'N Stretching (Py.) 

- 

1265 (m) 

1200 (m) 

C-N Stretching (Py.) 

1170 (w) 

1170(m) 



1170 (m) 

Py. ring. 


1035(s) 

1045 (w) 

C-O Stretching. 


910 (s) 


GH deformation. 

- 

- 

840 (rob) 

Coordinated H 2 O mot. 

810 (s) 

850 (w) 

840 (s) 

Out of plane CH bending. 

750 (w) 

745 (m) 

765 (ro) 

Out of plane CH bending. 

740 (w) 

- 

* 740 (w) 

Out of plane CH bending. 

- 

690 (m) 

- 

COOH bending. 

- 

- 

680 (rob) 

Coordinated H 2 O mol. 

680 (wb) 

650 (m) 

650 (w) 

Out of plane CH deformation. 

610 (wb) 

600 (m) 

605 (m) 

Py. ring deformation. 

r“" 

520 (s) 

1 

1 , 

COOH Wagging mode. 

r - 

i -T 

410 (m) 

M-0 Stretching. 

i 

380 (m) 

M-N Stretching. 








table -6.08 

IR SPECTRAL DATA OF dlpv./HBAA Lirs&wnc AMr\ 

Hy./nDAA LIGANDS AND THEJR NICKEL COMPLEX 


HBAA 




3430 (wb) 


3450 (sb) 
1640 (s) 
1700 (s) 


1600 (s) - 

1585 (m) 1580 (m) 


1590 (m) 
leiO (s) ' 
1540 (m) 


1410 (m) 


1400 (m) 
1370 (w) 


1320 (w) 


1395 (m) 
1350 (wm) 
1315 (w) 


1365 (m) 
1175 (m) 


1170 (w) 


1080 (w) 


1195 (m) 
1145 (w) 
1080 (w) 



810 (S) 

810 (m) 

750 (w) 

755 (s) 

740 (w) 

- 



690 (w) 


- 

680 (wb) 

" 675 (m)”’” 

610 (wb) 

I ■ 

- 

570 (wb) 


820 (wb) 


815 (m) 


750 (s) 


685 (mb) 
675 (w) 
580 (w) 


430 (m) 
330 (m) 


Coordinated HjO mol. 

OH phenolic Stretching. 

C=N Stretching (Azomethine). 
Asym. C=0 Stretching. 

C-N Stretching (Py.) 

Aromatic C-C multiple band. 
Aromatic C-C multiple band. 
Sym. C=0 Stretching. 

C-O Stretching. 

C-N Stretching (Py.) 

■OH Phenolic bening. 

Phenolic CO Stretching. 

Py. ring. 

Benzene breathing. 


OH deformation. 


Coordinated H 2 O mol. 


Chit of plane CH bending. 


Out of plane CH bending. 

Out of plane CH bending. 
COOH bending. 

Coordinated H 2 O mol. 

Out of plane CH deformation. 
Py . ring deformation. 

COOH Wagging mode. 

M-0 Stretching, 

M-N Stretching. 




V:j, If; -• ■ ' 




m 


I 
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■ 








table - 6.09 



750 (s) 


695 (w) 


690 (w) 


755 (m) Out of plane CH Jaending. 


Out of plane CH bending. 


IR SPECTRAL DATA OF dipy./HBAT LIGANDS AND THEIR NICKEL COMPLEX 


HBAT N1 (dipy.) HBAT 

3440 (sb) 


- 

3250 (w) 


- 

2550 (w) 

- 

- 

1635 (s) 

1610 (s) 

1600 (s) 

- 

1540 (m) 

1585 (m) 

1580 (m) 

1580 (m) 

1410 (m) 

1440 (s) 

1440 (m) 

- 

1360 (m) 

- 

TsM (w) 


1310 (w) 

- 

1 175 (w) 

1150 (m) 

4170 (w) 

- 

1175 (m) 

- 

960 (w) 

960 (m) 

- 

- 

850 (mb) 

"^810 (s) 

880 (m) 

- 


Probable assignments 

Coordinated H2O mol. 

OH phenolic Stretching. 

S“H Stretching. 

C=N Stretching (Azomethine). 
C-N Stretching (Py.) 

Aromatic C-C multiple band. 
Aromatic C-C multiple band. 
CH phenolic bending. 

C-N Stretching (Py.) 

Phenolig CO Stretching. 

Py. ring. 

Benzene breathing. 
Coordinated H2O mol. 

Out of plane CH bending. 


Out of plane CH deformation. 


680 (mb) Coordinated H2O mol. 
640 (m) C-S stretching. 

605 (m) Py. ring deformation. 

470 (m) M-0 Stretching. 

350 (m) M-N Stretching. 

300 (w) M-S Stretching. 












TABLE - 6.10 

IR SPECTRAL DATA OF dipyJDNSA LIGANDS AND THEIR NICKEL COMPLEX 


DNSA 


Ni (dipy.) DNSA 


Probable assignments 


3490 (m) 


OH phenolic Stretching 


Asym, C=0 Stretching 


1600 (m) 


Aromatic C-C multiple band 


C-N Stretching (Py.) 


Aromatic 1402 group 


Sym. C=0 Stretching 


Aromatic C-C multiple band 


C-0 Stretching 


1370 (m) 


OH phenolic bending 


C-N Stretching 


C-N Stretching 


Phenolic CO Stretching 


Benzene breathing 


C-0 Stretching 


Benzene breathing 


OH deformation 


Out of plane CH bending 


Out of plane CH bending 


Out of plane CH bending 


Out of plane CH deformation 


COOH bending 


Py. ring deformation 


COOH Wagging mode 


M-O Stretching 


M-N Stretching 


1100 

(w) 

1050 

(w) 

950 

(w) 

930 

(m) 

850 

i 

(mb) 











TABLE -6.11 


,R SPECTRAL DATA OF dipy./DBSA LIGANDS AND THEIR NICKEL COMPLEX 


^y- 

DBSA 

Ni (dipy.) DBSA 

Probable assignments 

- 

3240 (m) 

- 

OH phenolic Stretching. 

- 

1670 (sb) 

1595(3) 

Asym. C=0 Stretching. 

Teoo (s) 

- 

1550 (3) 

C=N Stretching (Py.) 

”^585 (m) 

1590 (m) 

1590 (m) 

Aromatic C-C multiple band. 

^1410 (s) 

- 

1410 (m) 

Aromatic C-C multiple band. 

- 

1420 (m) 

1470 (m) 

Sym. C=0 Stretching. 

- 

1380 (mb) 

“ 

OH phenolic Stretching. 

- 

1350 (w) 

1370 (w) 

C-0 Stretching. 

li20 (w) 

- 

1245 (m) 

C-N Stretching (Py.) 

- 

1180 (w) 

1110 (w) 

Phenolic CO Stretching. 

1170 (w) 


1160 (w) 

Py. ring. 

- 

1100 (w) 

1090 (w) 

Benzene breathing. 

- 

910 (w) 

- 

OH deformation. 

"^810(3) 

800 (mb) 

815 (m) 

Out of plane CH bending. 

~~~750 (w) 

780 (w) 

750 (w) 

Out of plane CH bending. 

740 (w) 

- 

A 

, Out of plane CH bending. 

680 (wb) 

710 (m) 

700 (m) 

Out of plane CH deformation. ^ 

- 

660 (wb) 


Out of plane CH deformation. 

- 

685 (w) 


COOH bending. 

610 (Wb) 

- 

645 (w) 

Py. ring deformation. 

, 

600 (m) 

605 (m) 

C-Br. Stretching. 

(' 

! 

550 (w) 


COOH Wagging mode. 

! - 470(3) 

470 (m) 

C-Br. Stretching. 

! 

I 

1 ' 

410 (m) 

M-O Stretching. 

r 

-j- ^ 

380 (m) 

M-H Stretching. 


dipy 


TABLE -.6.12 

IR SPECTRAL DATA OF dipyJHNA LIGANDS AND THEIR NICKEL COMPLEX 

3450 (w) 



1670 (sb) 

1600 (s) 

1600 (s) - 

1620 (s) 

1585 (m) 1585 (m) 

1590 (m) 

- 1480 (mb) 

1460 (s) 

1410 (m) 

1410 (s) 

1380 (m) 

1385 (mb) 

1375 (mb) 

— 

T 32 O (w) 

1300(m) 

1170(m) 

1215(m) 

1170 (w) 

1160(w) 

1100{w) 

1095(w) 

1040(w) 

1020 (w) 


910 (w) 

810 (s) 800 (m) 

750 (s) 760 (w) 

740 (w) 

680 (wb) ’ 660 (m) 

I 610 (wb)^ 

■ - I 550 (m) 


815 (m) 
760 (w) 
735 (m) 

660 (w) 
640 (m) 

415 (m) 
325 (m) 


OH phenolic Stretching. 

Asym. C=Q Stretching. 

C=N Stretching (Py.) 

Aromatic C-C multiple band. 
Sym. C=0 Stretching. 

Aromatic C-c multiple band. 
C-0 Stretching. 

OH phenolic bending. 

C-N Stretching (Py.) 

Phenolic CO Stretching. 

Py. ring. 

Benzene breathing. 

C-0 Stretching. 

OH deformation. 

Out of plane OH bending. 

Out of plane CH bending. 

Out of plane CH bending. 
COOH bending. 

Out of plane CH deformation. 
Py. ring deformation. 

COOH Wagging mode. 

M-0 Stretching. 

M-N Stretching. 
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TABLE -6.13 

IR SPECTRAL DATA OF dipy.lDPDC LIGANDS AND THEIR NICKEL COMPLEX 
y. DPDC Ni (dtpy.) DPDC 


Probable assignments 


3500 (mb) 


Coordinated H 2 O mol 


3340 (m) 


N-H stretching 


1620 (s) 


Asym. C =0 Stretching 


C-N Stretching (Py.) 


Aromatic G-C multiple band 


1575 (m) 


N-H bending 


Aromatic C-C multiple band 


1390 (mb) 


Sym. C=0 Stretching 


C-0 Stretching 


C-N Stretching (Py.) 


1240 (m) 


C-N Stretching (Py.) 


1160 (w) 


1075 (m) 
920 (s) 


1070 (m) 


Benzene breathing. 

0-H deformation. 

Coordinated H 2 O mol. 

Out of plane CH bending. 

Out of plane CH bending. 

Out of plane CH bending. 

Out of plane OH deformation 
Coordinated H 2 O mol. 
Coordinated H 2 O mol. 

COOH beinding. 

Py. ring deformation. 

COOH Wagging mode. 

M-0 Stretching. 

M-N StrfetfcWng. 


855 (mb) 
810 (sb) 
760 (s) 
735 (w) 
710 (m) 
690 (mb) 
660 (w) 


810 (m) 
785 (m) 
740 (s) 
710 (m) 


810 (s) 
750 (w) 
740 (w) 
680 (wb) 


650 (m) 
680 (m) 


640 (mb) 


610 (wb) 


550 (s) 


410 (m) 
360 (m) 




dipy. 

DPDC 


- 

- 

3400 (w) 

- 

1660 (s) 

”^1600 (s) 

- 

1585 (m) 

1580 (m) 

- 

1585 (m) 

1410 (m) 

1450 (m) 

- 

1440 (m) 

- 

1345 (s) 

1320 (w) 

1310 (m) 

- 

1275 (w) 

1170 (w) 

- 




TDAA and DTPA with Cobalt (11) and Copper 
(II) being linked to TDAA through S atom of • 
and DTAP. 


(II). This is also indication of nickel 
■ CH 2 S group as it does with TDAA 


The spectral band due to N-H stretching in free DPDC is found 3400 at 
cm But in the corresponding ternary complex it is found to occurs at 3340 cm ’. 
Obviously DPDC has coordinated to the nickel atom through N of the N-H group. 


In DPDC ligand a moderate band is observed at 1585 cm ' due to the -N- 
H bending frequency. On complexation with the metal, this frequency too is 
lowered to confirm our conclusion that nitrogen of -N-H group is involved in 
coordination. 


The HBAA, HBAT, DNSA, DBSA and HNA free ligands exhibit stretching 
and bending vibration due to -OH (Phenolic) group as bands at 3450 cm-3250 
cm’\ 3490 cm' \ 3240 cm'\ 3450 cm"’ and moderate bands at 1365 cm'\ 1360 
cm'\ 1370 cm'\ 1380 cm'^ and 1 375 cm■^ respectively. These bands in free 
ligand totally disappear on complexation. The nickel metal must, therefore, have 
linked to the ligands by deprotonation of the phenolic-OH group. 


The deprotonation of the S-H group during complexation of free MBA and 


HBAT having vibration bands at 2590 cm'^ and 2550 cm'^ is again indicated by 


disappearance of these frequencies 


The asymmetric and 


•equency of CO and OH (acid) 


group occurring at around 


relevant ligands are lowered to a 


extent except in the case of Ni 





(dipy.) (HBAA) where it goes up a little. This relocation of frequencies indicates 

that the ligands have coordinated through the carboxylic gro^^ 

The stretching frequency vc=n of azomethine group in HBAA and HBAT 
occur as sharp spectral bands at 1640 cm*'' and 1635 cm’' respectively. In the 
corresponding dipy.-nickel complexes, the frequency is lowered by 20-50 cm'^ . It 
is attributed to the coordination of ligand through N of the azomethine group 

The pyridine group in dipy. and PDA shows vc=n at around 1600 cm'’ as 
a moderate spectral band. In the case of nickel (11) complex this frequency is 
reduced. Further the pyridine ring deformation also hints at nitrogen of 
pyridine taking part in bond formation with the metal ion. 

The free TDPA and DTSA show a weak moderate band at about 590 cm'’ 

t 

and MBA, TDAA and DTPA show it at 570, 570 and 660 cm'’ respectively. This 
band is attributed to C-S vibration. Again a shift in lower direction in Ni (II) (dipy). 
ternary complexes to the extent of 30 ±10 cm'’ is evidence of coordination 
occurring through S of the C-S group. 

The S-S is observed at 500 cm’’ and 510 cm'’ for DTSA and DTPA 
respectively. A negative shift in the frequency by 280 cm'’ is observed. Ni (dipy.) 
DTPA, In it is remarkably large of the order of 75 cm'’ in the case of Ni (dipy.) 
DTSA. The S atom has participated in bond formation. 

The formation of Ni-0, tjond in” ternary complexes is 


indicated by new band in the repofi di 


145 cm’. 


cm"’, 305-470 cm'’ and 260- 




6.2.2 Ni phen. Ternary complexes 


Tables 6.14 to 6.20 contain the important infra red frequencies of 1:1:1 Ni 
(phen.) ternary complexes along with tentative assignments. Some of them, as 
we will see, are vital to establishment of bonding in the structural arrangement of 
metals and the hetero ligands. Observation of significant alteration in frequencies 
present in free ligand when they form coordination compounds with nickel (II) 
give us important clues towards arriving at the structures of ternary complexes. 


Spectral bands at 2450 cm 


and 3240 cm' in 


HBAA, HBAT, DNSA and DBSA are attributed to stretching and bending 


frequencies of - OH (phenolic). Complete disappearance of these bands on 
complexation with nickel (H) - phen-comptex is evidence enough to surmise the 
deprotonation of the -OH group for to fwm Ni - O - C band. Ni (II), in effect, 


substitutes the proton 




table - 6.14 


IR SPECTRAL DATA OF Phen./MBA LIGANDS AND THEIR NICKEL COMPLEX 


^en. 

MBA 

Ni (Phen.) MBA 

Probable assignments I 

- 

“ 


Coordinated H 2 O mol. 

- 

2590 (m) 


S-H stretching. 

- 

1690 (s) 

1600 (m) 

Asym. C =0 Stretching. 

(m) 

1600 (m) 

1575 (s) 

Aromatic C-C multiple band. 

””1600 (s) 

- 

1520 (m) 

C=N Stretching (Py.) 

^^00 (m) 

1450 (m) 1 

1455 (w) 

Aromatic C-C multiple band. 

- 

1420 (m) 

1490 (m) 

Sym. C =0 Stretching. 

1340 (m) 

- 

1350 (m) 

C-N Stretching (Py.) 

1250 (s) 

- 

1210 (w) 

C-N Stretching (Py.) 

1165(w) 

- 

1145 (m) 

Py. ring. 

1060 (w) 

1 060 (w) 

1065 (w) 

Benzene breathing. 

- 

1050 (b) 

1045 (w) 

C-0 stretching. 

- 

930 (m) 

- 

0-H deformation. 

- 

- 

- 

Coordination H 2 O mol. ' 

800 (s) 

910 (m) 

840 (m) 

Out of piane CH bending. 

770 (w) 

740 (ms) 

‘ 770 (w) 

Out of piane CH bending. 

- 

- 

- 

Coordination H 2 O mol. 

665 (w) 

660 (m) 

680 (w) 

Out of plane OH deformation. 

i 

1 

680 (m) 

'■■■■■■' “ 

COOH bending. 

i 630 (w) 

* 

i 630 (w) 

Py. ring deformation. 

i 

! 

’ 570 (m) 

550 (m) 

C-S stretching. 


I 520 (w) 

- - 

COOH Wagging mode. 

- 

j, 

430 (m) 

M-0 Stretching. 

. 

I 

\ ; 

390 (w) 

M-N Stretching. 

1 


300 (m) 

M-S Stretching. 




TABLE - 6.15 

IR SPECTRAL DATA OF Phen./DTSA LIGANDS AND THE!R NICKEL COMPLEX 


DTSA 


Probable 


assignments 


Asym. C=0 Stretching 


Aromatic C-C multiple band 


C=N Stretching (Py.) 


Aromatic C-C multiple band 


Asym. C=0 Stretching 


CO Stretching 


C-N Stretching (Py.) 


C-N Stretching (Py.) 


Benzene breathing 


OH deformation 


Out of plane CH bending 


Out of plane CH bending 


COOH bending 


Out of plane CH deformation 


C-S stretching 


Py. ring deformation 


COOH Wagging mode 


S-S stretching 


MO Stretching 


M-N Stretching 


M-S Stretching 







table -646 

IR SPECTRAL DATA OF Phen./PDA LIGANDS AND THEIR NICKEL COMPLEX 


Phen 


Probable assignments 


Coordinated H 2 O mol 


Asym. C=0 Stretching 


Aromatic C-C multiple band 


C=N Stretching (Py.) 


Aromatic C-C multiple band 


Sym. C=0 Stretching 


C-0 Stretching (Py.) 


1310 (w) 


C^N Stretching (Py.) 


C-N Stretching (Py.) 


Bercene breathing 


C-0 Stretching 


OH Stretching 


Coordinated H 2 O mol 


Out of plane CH bending 


Out of plane CH bending 


COOH bending 


680 (wb) Coordinated H 2 O mol 


Out of plane CH deformation 


Py. ring deformation 


520 (s) 

- 


- 

420 (m) 

Wl-0 Stretching. 

- 

340 (m) 

M-N Stretching. 













table -6.17 

,R SPECTRAL DATA OP PEen.mBAA LIGANDS AND TNEIR NICKEL COMPLEX 


HBAA 


Probable 


assignments 


Coordinated H 2 O mol 


OH phenolic Stretching 


Aromatic C-C multiple band 


1640 (s) 


C-N Stretching (Azomethine) 


Asym. C=0 Stretching 


C=N Stretching 


1580 (m) 


Aromatic C-C multiple band 


Sym. C-0 Stretching 


C-0 Stretching (Py.) 


OH phenolic bending 


C-N Stretching (Py.) 


C-N Stretching (Py.) 


Phenolic CO Stretching. 
Py. ring. 

Benzene breathing. 

OH deformation. 
Coordinated H 2 O mol. 
Out of plane CH bending 
Out of plane CH bending 


M-0 Stretching 
M-N Stretching 


** 

590 (mb) 

Coordinated H 2 O mol. 

690 (w) 


COOH bending. 

675 (m) 

670 (m) 

Out of plane CH deformation 

- 

625 (w) 

py. ring deformation. 

570 (wb) 


COOH Wagging mode. 







table-6.18 

IR SPECTRAL DATA OF Phen./HBAT LIGANDS AND THEIR NICKEL COWPLEX 

Ni (Phen.) HBAT 

3445 (mb) 


HBAT 


Probable assignments 

Coordinated H2O mol. 

OH phenolic stretching. 

S-H Stretching. 

Aromatic C-C multiple band. 
C=N Stretch ing (Azomethine) 
C=N Stretching (Py.) 
Aromatic C-C multiple band. 
Aromatic C-C multiple band. 
OH phenolic stretching. 

C-N Stretching (Py.) 

C-N Stretching (Py.) 

Phenolic CO Stretching. 


Out of plane CH bending. 
Coordinated H 2 O mol. 

Out of plane CH bending. 
Coordinated H 2 O mol. 

Out of plane CH deformation 
C’S Stretching, f . 

Py. ring deformation. 

M-0 Stretching. 

M-N Stretching. 

MS Stretching. 






















table-6.19 

IR SPECTRAL DATA OF Phen./DNSA LIGANDS AND THEIR NICKEL COMPLEX 

DNSA I NI(Phen.)DNSA I pi^bSiTasslanmenls 

; . ' ^ Coordinated HjO mol. 

1 - OH phenolic stretching. 

; 1620 (s) ~Asym. C=0 Stretching. 

;; Aromatic C-C multiple band. 

1600 (s) ~ 1540 (s) ~C=N Stretching (Py.) 

150 0 (m) ' '*510 (m) Aromatic C-C multiple band. ~ 

'*460 (m) Sym. C=0 Stretching. 

1380 (m) 1355 (s) C-0 Stretching (Py.) 

1370 (m) OH phenolic bending. 

3 (m) _ 1330 (m) 1300 (s) C-N Stretching. 

3 (m) 1255(b) 1200 (m) C-N Stretching. 

1175 (w) 1125 (m) Phenolic CO Stretching. 

5 (m) - 1160 (m) Py. ring. 

1090 (w) - Benzene breathing. 


C-0 Stretching. 


960 (w) ' 960 (w) Benzene breathing. 

930 (m) - OH deformation. 

0 (s) - - Coordinated H 2 O mol. 


1340 (m) 
"1250 (m) 

1165 (m) 


800 (s) 
770 (w) 
665 (w) 
630 (w) 


DNSA 

3490 (m) 
1680 (s) 
1600 (m) 


1470 (s) 
1380 (m) 
1370 (m) 
1330 (m) 
1255 (b) 
1175 (w) 

1090 (w) 


840 (m) 
730 (m) 
715 (mb) 
680 (s) 

515 (wb) 


h 

1 

» 



1, 

L 



1620 (s) 

1540 (s) 
1510 (m) 
1460 (m) 
1355 (s) 

1300 (s) 
1200 (m) 
1125 (m) 
1160 (m) 


960 (w) 


800 (m) 
760 (w) 
700 (mb) 
670 (m) 


430 (m) 
320 (m) 


Out of plane CH bending. 

Out of plane CH bending. 

Out of plane CH deformation. 
Py. ring deformation. 
Coordinated H 2 O mol. 

COOH Wagging mode. 

M-O Stretching. 

M-H Stifottfving. 















TABLE-6.20 

,R SPECTRAL DATA OF Phe„.A>BSA LIGARDS AND THEIR NICKEL COMPLEX 


Probable 


assignments 


Coordinated HjO mol 


phenolic stretching 


Asym. C=0 Stretching 


Aromatic C-C multiple band 


C-N Stretching (Py.) 


Aromatic C-C multiple band 


1420 (mb) 


Sym. C=0 Stretching 


OH phenolic bending 


C-0 Stretching (Py.) 


C-N Stretching, 


C-N Stretching 


Phenolic CO Stretching 


Benzene breathing 


OH deformation 


Coordinated H 2 O mol 


Outof friane CH bending 


Out of plane CH bending 


Out of plane CH deformation 


Coordinated H 2 O mol. 
Coordinated H 2 O mol. 
COOH bending. 

Py. ring deformation. 
C-Br Stretching. 

COOH Wagging mode 
C-8r Stretching. 
tMJf Sbeteiiing. 


475 (w) 
395 (m) 
340 (m) 




Free MBA and HBAT show weak spectral bands at 2590 cm'’ and 2550 
om' respectively. These bands are attributed to S-N stretching vibrations. 
However, as in the case of phenolic - OH, the bands diappear on complexation 
in the case of these ligands too. Hence the proton of the - SH group must have 

been replaced by Ni (II) on to form a similar Ni - S - C band. 


The CO group of carboxylic ligands exhibit asymmetric and symmetric 
stretching vibrations as sharp bands in the region of 1620-1700 cm \1400-1475 
cm ^ . The OH group of the carboxylic ligands manifest their deformation vibration 
as bands around 920 ± 10 cm\ When, however, the carboxylic ligands form a 
complex, the CO frequencies shift towards the lower side and OH deformation 
frequencies disappear altogether. It is a clear suggestion that nickel is 
coordinating with such ligands through carboxylic group. 


Sharp infra red bands around 1640 cm and 1635 cm are seen due to 
C=N stretching vibration of azomethic group in HBAA and HBAT. There is a shift 
of about 25-55 cm'^ in the corresponding nickel - phen. Complexes^'®, thus, N of 

. • ' # 7 -;" 

the azomethrine group is taking part in coordination phenomenon in the case of 


these two ligands 


There is a remarkable shift of around 40 cm"^ in the stretching frequencies 
of C=N of pyridine group present in free phen. and PDA ligands. In the free 
ligands it is of the order of suggests pyridine N is taking part in 

coordination. In fact, pyrWhte lower 

region to confinn that N of by coordination to 







M 


The C-S stretching utilization for MBA and DTSA occur at 570 cm"'' and 
650 cm'^ and at 660 cm"^ for HBAT. On complexation with Ni (phen.) these 
frequencies are lowered by 5-30 cm ^ leaving no doubt that S atom of these 
throacids has directly coordinated with Ni (11) ion. 


Free DTPA has a band at 500 cm'^ attributed to vs-s stretching frequency. 
This shifts to a lower side in Ni (phen ) DTPA comlex. Here again a Ni- S bond 
must have formed. 


In the formation of ternary complexes with nickel, new bands appear in 


the region of 395-480 cm" and 320-405 cm'\ It is clear indication that ligands 


are coordinating through O and N atoms to for Ni - 0 and Ni - N bonds 


When MBA, DBSA, PDA. HBAA, HBAT and DNSA form ternary 


complexes with Ni (phen.), a broad band in the region of 3410-3550 cm" is 
seen. It is attributed the stretching vibration of OH of the coordinated water 
molecule. The appearance of rocking and bending vibration of OH in the region 
of 810-850 cm"’ supports the contention that water molecules are actually 

coordinated to the central metal on as proposed by Nakamoto”. 


6.3. M3Qn@tic Studiss i' _ 7 ^.;. 

The magnetic studies of the Ni (it) tefnaiy complexes were carried out as 

those already reported for cpop?.:,^} BickpU metals in the previous two 
chapters. Table 6.21 • 


ife shape, tetrahedral 
riar configuration has 


configuration has 


MAGNETIC MEASUREMENT DATA OF Ni (II) COMPLEXES 



no unpaired electron. The octahedral complexes of nickel (II) also have two 

unpaired electrons. 

in the present investigations of 2.84 - 3.23 BM is observed in all 
ternary complexes of nickel (II) except Ni (dipy.) MBA, Ni (dipy.) DNSA, Ni (dipy.) 

HNA and NI (phen.) MBA. Other investigators^2-i4 

2 . 9-3. 3 B.M. for octahedral complexes with two unpaired electrons. Thus, the 
expectation was of spin free octahedral complexes with sp^d^ hybridization. But, 

f'- ■ ■ ' ■ 

there are two exceptions i.e. Ni (dipy.) DBSA and NI (phen.) DNSA ternary 
complexes where tetrahedral geometry due to sp^ hybridization is postulated on 
account of absense of coordinated water molecules. This has been borne out by 
IR studies. /.-''H 

'■? { i ■ 

The low peff of 0.99, t.09, 1.00 and 1.06 BM for Ni (dipy.) MBA, Ni (dipy.) 
DNSA, Ni (dipy.) HNA and Ni (phen.) MBA mixed complexes respectively is 

,, = 15 .^, ■■ 

ascribed to thermal population of the triplet which lies close the singlet ground 
state. It also could be interpreted to mean a tendency towards polymesisation in 
the solid state. It has been postulated here that there is weak axial coordination 
due to which the shape is effectively square planer with spin paired configuration 
with no unpaired electron. 

On the basis of studies reported above, the bonding structures of the 
nickel (II) mixed complexes are depfe^ wt % - A'l to d.5. 




bonding structures of bipyridine nickel 

(II) COMPLEXES 



CH,-CH,-C00" 


[Ni(dipy) TDPA.H,0] s; 


‘C:H,-CH,-C(xr. 


•GOO. 


(Ni(dipy) MBA] 


CR-COO 


[Ni(dipy) TDAA.H,0| g 


CH,-C00 


DTSAl 












iSlw 


|Ni (phen.) HBAA.H^l 












1. G.C. Saxena and V.S. Shrivastava, J. Ind. Chem. Soc 
(1987). 


2. T, Sharma, S. Sharma and Mithilesh Kumar, J, Ind. Chem. Soc. LXIV 
695 (1987). 


3. H.S. Verma. A. Paul and R.C. Saxena, J, Ind. Chem. Soc 
(1983). 


R.J. Dudley, R.J. Fereday and P.G. Hodgson, J. Chem. Soc., Dalton 
Trans., 1341 (1972). 


D. j^one ana i . ugura, J. inorg. Nucl. Chem., 117 (1969). 

6. F .A. Walker, H. Sigel and D.B. Me. Cormick, Inorg. Chem, l| (1972) 

7. H.D. Busch and J.C. Birader, J. Am. Chem. Soc., 78, 1137 (1956). 

* 

8. H.P. Pritz, A.V. Organomet. Chem. 1. 262 (1964). 


9. L.T. Taylor and R.D. Patton, Inorg. Chem. Acta, 8, 101 (1974) 


10. Dassche and U.E. Haninen, J.Am. Chem. Soc., 72 , 3673 (1950) 


11, K. Nakamoto, “Infrared Spectra of inorganic and Coord. Compounds 
Wiley, New York, 164, 173 (1967). 


12 J.R. Ferraro. “Low Frequency Vibrations of Inorganic and Coord 
Compunds”. Plennum Press, New York (1971). 


13. K, Nakamoto. "Spectrosoopy and structure of Metal Chelate 
Compounds". John V^y & Soi^ N^ York, 217 (1968). 

14. S. Mishra et at J. Ind. 5'88 (1988). 


15. R.J.H, Clark and C.& 




16. N.S. Gill and R.H. Nuttal, J. Inorg. Nucl. Chem., 18, 79 (1961). 

17. M.M. Khan, J. Inorg. Nucl. Chem., 1395 (1973). 

18. G. Narin, J. Inorg. Nucl. Chem., 28. 2441 (1966) 

19. P.B. Bauman and L.B. Rogers, J. Inorg. Nucl. Chem., 28, 2215 (1966) 






^ti^PTER-VII 


MICROBIAL STUDIES 


As already stated, the antifungal and 

^ antibacti 

synthesized ligands and all the metal chelates und 

as per procedure outlined on selected bacteria 

® ^nd fung 

obtained are described in the following lines 


properties 


•on Were studied 
r^otaiis of results 


7.1 Results and Discussion 


The data obtained following microbial inv 

nvestigations 

tables 7.01 to 7.04. 


*^oen detailed 


7.1.1 Microbial activity 



AT 500 ppm AND 32“C TEMPERATURE 


Bacterial growth after 2 days 


Fungal growth after 7 days 


S. aureus 


A. flavus 


A. fumigatus 


IMDA 


DPDC 


++++ 


DMSO 


Very high growth of Bacteria of fungi. 
High growth of bacteria of fungi. 
Moderate growth of bacteria of fungi. 
Poor growth of bacteria of fungi. 

No growth of bacteria or fungi. 








TABLE -7.02 


ANTIFUNGAL AND 


Bacterial growth after 
Cu-chelate 2 days 

S. aureus E. coll 

Cu (dipy.) TDPA - 

Cu (dipy.) MBA + + 

Cu (dipy.) TDAA 

Cu (dipy.) DTSA - . 

Cu (dipy.) DTPA - . 

Cu (dipy.) PDA - - 

Cu (dipy.) HBAA - 

Cu (dipy.) HBAT - - 

Cu (dipy.) DNSA + +++ 

Cu (dipy.) HNA - - 

Cu (dipy.) IMDA - - 

Cu (dipy.) DPDC - - 

Cu (phen.) MBA +++ + 

■ -- — .'...t ' ; 

Cu (phen.) DTSA - - 

Cu (phen.) DTPA - - 

Cu (phen.) PDA - - 

Cu (phen.) HBAA - - 

Cu (phen.) HBAT ++ + 

Cu (phen.) DNSA +++ + 

I Cu (phen.) DBSA j + _ + 

+++ = High growth of bacteria of fungi. 

++ = Moderate growth of bacteria of fungi. 
+ = Poor growth of bacteria of fungi. 

- = No growth of bacteria or fungi. 


A. flavus 


Fungal growth after ] 

7 days | 

■ 

> A. fumigatus A. niger 


, i ''-i \ " "■ ' ;• ( i <.'■ ' ' 

’ ' ' ’ '' ‘ '':V 4 ' , „ ^ .• '' ' 




, I r’[4l4!w 


. r-':? 




' I 

r 

I 

jfS* 

■ 


■BHIiiaiBKaMIH 

•'•:S cr3jgW ! j:j." ' Ui:i ... I 



TABLE -7.03 


ANTIFUNGAL AND ANTIBACTERIAL ACTIVITY OF Co-CHELATES AT 500 ppm 

AND 32“C TEMPERATURE 


Co-chelate 

Bacterial growth after 

2 days 

" ■ — " ” '■ ' ' ' '■ ' - 1 

Fungal growth after 

7 days i 

S. aureus 

E. coii 

A. ftavus 

A. fumigatus 

A. niger 

Co (dipy.) TDPA 

- 

- 

+ 

- 

' 4- 

Co (dipy.) MBA 

- 

- 

- 

- 

t 

Co (dipy.) TDAA 

- 

- 

4- 

- 

■ 1 

Co (dipy.) DTSA 

+ 




i 

Co (dipy.) DTPA 

- 

- 


+ 4-+ 

,,,,, ) 

Co (dipy.) PDA 

- 

- 

+ 


. , 4- i 

4 

Co (dipy.) HBAA 

- 


- 

- 


Co (dipy.) HBAT 



- 

4- 


Co (dipy.) DNSA 

- 

- 

- 


4- 

Co (dipy.) DBSA 

■f-+ 

+ 


4-4-+ 

- 

Co (dipy.) HNA 


: . - ' ' 

- 

4- 

- 

Co (phen.) MBA 

- 

- 

- 

- 

- 

Co (phen.) DTSA 


- 

+ 

- 

- 

Co (phen.) PDA 

- 

“ 


- 

4- 

Co (phen.) HBAA 


+ 

- 

- 

- 

Co (phen.) HBAT 

- 

- 

- 

- 

- 

Co (phen.) DNSA 

- 

- 

- 

4-4- 

, - 

Co (phen.) DBSA 

+ 

’+ 

- . 

4- 

'4* 


+++ = High growth of bacteria of fungi. 

++ = Moderate growth of bacteria of fungi. 
+ = Poor growth of bacteria of fungi. 

- = No growth of bacteria or fungi. 


1^7 





I 


TABLE-7.04 

ANTIFUNGAL AND ANTIBACTERIAL ACTIVITY OF NI-CHELATES AT 500 ppm 

AND 32®C TEMPERATURE 


Bacterial growth after 
2 days 


E. coll 


Ni-chelate 2 days 

S. aureus E. coll 

Ni (dipy.) TDPA 
Ni(dipy.)MBA 

Ni (dipy.) TDAA - - 

Ni (dipy.) DTSA 

Ni (dipy.) DTPA ” ^ T” 

Ni (dipy.) PDA 
Ni (dipy.) HBAA 
Ni (dipy.) HBAT 
Ni (dipy.) DNSA 
Ni (dipy.) DBSA - 

Ni (dipy.) HNA 


Ni (dipy. DPDC 


Ni (phen.) MBA 


Ni (phen. DTSA 


Ni (phen.) PDA 

Ni (phen.) HBAA ^ 

Ni (phen.) HBAT - 

I Ni (phen.) DNSA j - 

; Ni (phen.) DBSA ^ - j ^ 

++ = Moderate growth of bacteria of fungi 
+ = Poor growth of bacteria of fungi. 

- = No growth of bacteria or fungi. 


Fungal growth after 
7 days 

A. flavus A. fumigatus A. niger 







In the case of Cu (II) - (phen.) complexes with MBA HBAT and DTSA, 
the negligible activities observed against Staphylo cococus aureus and 
Escherichia coli may be attributed to poor anti-bacterial activities of (phen.). This 
poor activity is found only in Cu (11) complexes due to the bioactive action of the 
metal ion. In Cu (dipy.) and Cu (phen.) complexes with DNSA, the NO’a present 
in the latter is responsible for almost total inactivity of these mixed complexes on 
test bacteria and fungi. 

If the geometry and charge distribution around the periphery of pores of 
the fungal and bacterial cell wall is not compatible with the geometry of the 
attacking species, the penetration of the toxic agent is almost impossible and 
hence such species are biologically inactive and toxic effect fails to be effective. 
This is why some ternary complexes have less anti-microbial activity than 
corresponding ligands alone. 


7.1 .2 MIC Values of metal chelates 

The minimum inhibitory concentration (MIC) values of the ligands and 
then mixed complexes have been listed in tables 7.05 to 7.10. 

A comparative microbial activity picture emerges from a careful perusal of 
data in these tables. 

Obviously, the mixed ligand complexes of Ni (phen.) are the most 
effective agents against the test fungi and the test bacteria. 
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In case of dipy mixed ligand complexes the microbial activity is dependent 
upon the nature of the other ligand or the combined effect of the other ligand and 
the metal present. No generalization is possible in such cases. A lot of additional 
data might be required in order to fully understand the causes of such a 
behaviour. 


^11 

f 


It 














table - 7.06 

MIC-VALUE OF Cu-CHELATES 


Bacteria 


Cu-chelates 


S. aureus 


A. ftavus 


A. fumigatus 


Cu (dipy.) TDPA 


Cu (dipy.) TDAA 


Cu (dipy.) DTSA < 100 


Cu (dipy.) DTPA < 100 


Cu (dipy.) HBAA 


Cu (dipy.) HBAT 


Cu (dipy.) IMDA 


Cu (dipy.) DTDC <100 


Cu (phen.) DTSA 


Cu (phen.) DTPA < 100 


Cu (phen.) HBAA 




Co-chelates 

Co (dipy.) TDPA 
Co (dipy.) MBA 
Co (dipy.) TDAA 
Co (dipy.) DTSA 
Co (dipy.) DTPA 
^ (dipy.) PDA 
Co (dipy.) HBAA 
Co (dipy.) HBAT 
Co (dipy.) ONSA 
Co (dipy.) DBSA 
Co (dipy.) HNA 
Co (phen.) MBA 


Co (phen.) DTSA 


Co (phen.) PDA 


Co (phen.) HBAA 


Co (phen.) HBAT 


Co (phen.) DNSA 
Co (phen.) DBSA 


TABLE - 7.07 

WIIC-VALUE OF Co-CHELATES IN ppm 
Bacteria i ~ ~ 


Fungi 


S. aureus 

E. coll 

A. ftavus 

A. fumigatus 

A. niger 

100 

300 

> 500 

200 

> 500 

200 

100 

100 

<100 

>500 

300 

< 100 

>500 

200 

200 

> 500 

>500 

> 500 • 

< 100 

300 

< 100 

too 

<100 

>500 

200 ! 

s 

< 100 

< 100 

>500 

>500 

>500 

400 

200 

300 

300 

400 1 

>500 

> 500 

100 

>500 

<100 

< 100 

100 

300 

<100 

> 500 

> 500 

> 500 

>500 

>500 

300 


IS 














TABLE - 7.08 

MIC-VALUE OF Ni-CHEUTES 


Bacteria 


Ni-chelates 


S. aureus 


A. fiavus 


A. fumigatus 


Ni (dipy.)TDPA 


Ni (dipy.) TDAA 


Ni (dipy.) DTSA 


Ni (dipy.) DTPA 


Ni (dipy.) HBAA 


Ni (dipy.) HBAT 


Ni (dipy.) DNSA 


Ni (dipy.) DBSA 


Ni (dipy.) DPDC 


Ni (phen.) DTSA 


Ni (phen.) HBAA 


Ni (phen.) HBAT 


Ni (phen.) DNSA 


Ni (phen.) DBSA 










TABLE - 7.10 



ORDER OF MIC-VALUE OF phen-COMPLEXES lU TERMS OF METAL IONS 


Bacteria 


Ligand 


S. aureus 


A, flavus 


A. fumigatus 


Cu>Co>Ni 


Cu>Co>Ni 


Cu>Co>Ni 


Cu>Co=Ni 


Cu>Co>Ni 


Co>Cu>Ni 


Ni>Cu>Co 


Co>Cu>Ni 


Cu>Co>Ni 


DTSA 


Ni=Co>Cu 


Cu=Co>Ni 


Co>Ni=Cu 


Co>Cu>Ni 


Cu=Co>Ni 


Cu>Co>Ni 


Co>Cu>Ni 


Cu>Co>Ni 


HBAA 


Cu>Co>Ni 


Cu>Ni>Co 


Cu>Ni>Co 


HBAT 


Cu>Co>Ni 


Cu=Co>Ni 


Cu>Co>Ni 


Cu>Ni>Co 


Cu>Ni>Co 


DNSA 


Co>Ni>Cu 


Co=Ni>Cu 


Cu>Co=Ni 


Cu=Co>Ni 


Cu=Co>Ni 



